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PREFACE TO THE FIRST EDITION 


Although Hie subject of the optical rotating power of organic 
substances, in theoretical as well* as. in practical relations, has 
been growing in importance for a long time, chemical litera- 
ture possesses thus far no work which presents fe. complete dis- 
cussion of the whole field, and studies in this line may be car- 
ried out only by the aid of articles scattered through the jour- 
nals. I have attempted in the present book to supply the 
want in this direction, and the incentive to the work was fur- 
nished by an article which I published some time since in Lie- 
big’s Annalc 7 i dci' CJmiiie, Vol. 189. This article dealt with 
the determination of the specific rotation of solid substances, 
and was introduced b3^ a short general discussion of optical 
activity. From several quarters I was urged to enlarge the 
article, and, especially by the addition of a description of all 
the new polarization instruments and the practical uses which 
may be made of them, to work up a monograph as complete 
as possible of the subject of optical rotation. Such an under- 
taking appears all the more inviting since in the last few yeans 
different observers have carried out investigations in this field 
which have increased our knowledge considerably, and which 
make it possible to give a certain degree of completeness to the 
treatment of the subject. 

From a theoretical standpoint the optical activity of organic 
substances possesses this great interest, that it is a consequence 
of a peculiar arrangement of the atoms within the chemical 
molecule, and therefore stands in close relation to the question 
of constitution. However, we are just at the beginning of 
investigations of the relations between rotating power and 
chemical structure, and for future study there . is material at 
hand abundant and full of promise. To lessen the labor in 
work of this kind, especially in such cases where results may 
be obtained only by aid of exact measurements, it became nec- 
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essary to go fully into the discussion of the methods for the 
determination of specific rotation. Therefore, the use of the 
different kinds of polarization instruments called for detailed 
treatment, and besides this the determination of other experi- 
mental data, the specific gravity, for example, should be ex- 
plained 111 this work I have taken pains to give methods of 
the greatest possible exactness and to indicate always the limits 
of accuiacy which may be reached in the numerical results If 
for any special purpose less rigid care is permissible in work 
the observer will see for himself how the procedure may be 
simplified. 

In a practical direction, as is well known, optical rotation 
has long since found an important application in the determi- 
nation of sugar ; and recently the optical analysis of other sub- 
stances, especially that of the cinchona alkaloids, has been also 
developed. The methods applied in such cases aie fully dis- 
cussed in the book ; for the sugar chemist the description of 
the various saccharimeters and the corrections winch must be 
applied ui using them may be of interest, and in part new 

The optical introduction, which possibly may be of interest 
to many chemists, has been kept as concise and elementary as 
possible, I have also touched but briefly on the relations be- 
tween crystalline form and rotating power, as this topic ap- 
peals to belong in the field of physical crystallography 

Finally, the table of contents gives full information concern- 
ing the subjects treated. Hans I/ANdoe'T. 

AAcnnN, Jamtaty, 1879. 



PREFACE TO THE SECOND EDITION 


The first edition of this work, which appeared in 1879, pre- 
sented a general view of our knowledge of optical rotation as 
It existed at that lime. Now, after the lapse of eighteen yeais, 
when a new edition corresponding to our present position is 
called for, we have to deal with a task of entirely different di- 
mensions. The progres.s which has been made m the last two 
decades in the field of optical activity rests, so far as the theo- 
retical side IS concerned, mainly upon the great intere.st aromsed 
among chenii.sts by the hypothe.sis of van’t Hoff and EeBel on 
the relation between rotating power and the atomic structure 
of carbon compounds. Since 1879, when this doctrine was 
•still 111 its in fancy, numerous inve.stigations suggested by it 
have been carried out, the results of which have abundantly 
confirmed the theoretical requirements in all cases, so that to- 
day the theoiy may be pie.sented in complete and fully devel- 
oped form A maiked widening of our knowledge may be 
observed 111 otlici diiectioiis also ; for example, with reference 
to multirotation, the camses of variation in .specific rotation, 
rotation dispeision, etc In a piactical direction progress has 
been made in the nupiovenient of polarization apparatus and 
111 tlie development of methods of optical analysis In addi- 
tion, the number of optically active substances known has 111- 
crea.sed since 1879 from 300 to over 700 

From the whole laiige of material now available I have 
worked up certain parts only myself, which are in biief, the 
subjects di.scussed in the following theoretical portions of the 
book . 

Part I. Cleneral Conditions of Optical Activity. 

Part II. Physical Daws of Circular Polarization. 

Part III Numerical Values for the Rotating Power. Spe- 
cific Rotation. 

In a .section of Part I dealing with the decompo-sition of ra- 
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cetnic bodies by fungi I have received valuable assistance from 
Herrn Prof. Dr. P. Lindner, Department Director of the In- 
stitute for Fermentation Industries in Berlin , he has had the 
kindness to prepare a chapter on the subject of the fungi and 
the forms suitable for resolution, the methods of pure culture 
and experiments in resolution. I am no less indebted to Dr. 
W, Marckwald and Prof. Dr. H. Traube, who have rendered 
me assistance in many questions of steieochemistry and crys- 
tallography. 

In order to secure a more rapid completion of the following 
parts of the book I was obliged to seek the cooperation of 
others, and to the extent as now to be explained 

Part IV ‘ ^ Apparatus and Methods for the Determination 
of Specific Rotation,’^ by Dr. O. Schbnrock, Assistant in the 
Physikalisch-Technischen Reichsanstalt This section pre- 
sents, first, a description of the different polariscopes and 
sacchanmeters, which in the last few years, and especially 
through the work of Lippich, have reached such a degree of 
perfection that they may now be classed among the most ex- 
act of instruments for physical measurements. In order to 
understand these instruments and the methods of using them, 
It was necessary to discuss, not only their construction, but 
also, especially, the optical theory on which their use is bavsed, 
and It was further necessary to go into an accurate definition 
of the kinds of light employed in determining angles of rota- 
tion, particularly the sodium light. The author has discussed 
this subject in detail which had never before been handled as 
a connected whole. This was all the more desiiable since there 
can be no doubt that the marked discrepancies found in the 
determination of the specific rotation of the same substance by 
different observers do not always depend on impurities in the 
material used, but very largely on improper manipulation of 
the polanscope, or on variations m the character of the sodium 
light employed. It may be further remarked here that a con- 
sideration of these sources of error carries with it no increased 
difficulty in the methods of observation, as one might, at fiist 
thought, assume 

The section embraces in addition a discussion of all known 
methods for determination of rotation dispersion, a subject 
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which up to the present tune, has not been covered m its re- 
lated bearings. Finally, the chapters on sodium lamps and 
polarization tubes follow, and something on the preparation of 
solutions and the determination of specific gravity, which, as 
compared with the corresponding parts of the earlier edition, 
are greatly enlarged 

In the preparation of this whole section the aiillior was in 
position to make use of the exiDerience gained in many investi- 
gations of the Physikaliscli-Technischen Reichsanstalt. 

Part V. * ‘ The Practical Applications of Optical Rotation’’ 
was written by Dr. F Scliutt, Royal Councilor and Permanent 
member of the Patent Office. As regards saccharime try, which 
makes up the larger part of the section, it may be remaiked 
that It was considered the most satisfactorj'' to follow the 
methods officially adopted in the German Sugar Tax Taw of 
May 27, 1896, and to present these literally. Among other 
methods of polarimetric analysis those concerned with the de- 
termination of cinchona alkaloids are shortened as compaied 
with what was given 111 the first edition, while, on the other 
hand, some new methods have been added. 

Part VI. “The Constants of Rotation of Active Bodies “ 
has been compiled mainly by Dr. T Berndt and Dr Tli Pos- 
ner, formerl}^ assistants in the II Chemical Taboralory ol the 
Berlin University. The section on ethereal oils was prepared 
by Dr Rimbach, and Prof Dr. Thierfelder had the kindness 
to assist in securing the data on bile acids and pi'oteids A 
few chapters remained in iiiy hands. 

In the preparation of this collection of experimental data it 
was not found possible to include all the statements given in 
the literature, as tins would have unduly increased the size 
of this part of the work. It was sufficient 111 many cases to 
quote obvservations in part and leler in a note to the original 
articles. For the same reason any data on the methods of i>rep- 
aration of the substance.s observed had to be omitted, although 
such information might often have been found valuable. The 
search through the literature, 111 which, however, the i^ossi- 
bility of overlooking certain data could not be wholly excluded, 
was complete to about the middle of 1896. P'rom that date it 
was only partial, In arranging the sub.stances in order the 
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most consistent system may not always have been followed, 
but by aid of the alphabetical index it will be possible to find 
any body described 

It IS hoped that the work m this new edition also will fill its 
place as a text- and handbook in presenting a complete r6siiin6 
of our knowledge on the subject of optical rotation. 

H. lyANDOW. 


Berlin, December, 1897 



TRANSLATOR'S PREFACE 


The two editions of this work which appeai*ecl in Gertuany 
lu tvSyc) and 1898 enjoyed there a great and well-deserved pop- 
ularity. A translation of the first edition was brought out in 
lingland in 1882. under the title: “ Handbook of the Polans- 
copeand Its Piactical Applications/* and contributed not a 
little to the advance of methods of optical analysis in that 
countiy and the United States Both the original edition and 
this translation har^e been, however, long out of print 

The scope of the second edition, a translation of which I have 
the honor of presenting to American and Rnghsh readers, is 
much widei than that of the first; the main points oi differ- 
ence uie made plain m the author’s preface, but attention may 
be called to the fact that the detailed discussions in Sections 
IV and V of Part I on the lelations between the rotating powei 
and the chemical constitution of carbon compounds, along with 
the full tunnel ical data on constants of lotation, etc , render 
the woik of the highest value to mvestigatois in many fields 
of pure organic chemistry Some of the most important ad- 
vances in this duectioii are those which have been made m the 
methods for the resolution of laceinic compounds This siil)- 
ject is thoroughly treated by the authoi, and permission was 
also given to include still more recent work in the JUiglish 
edition. The sections which I have added in thi.s connection 
relate to the resolution of asymmetric nitiogcn and sulphur 
comiKiunds and to several new general processes of resolution 

I have made also many additions to the numerical values in 
Part VI, on Constants of Rotation The data for a few of 
these were sent me by the author, while the others were taken 
from the journals of the three years following the publication 
of the German text. 

By an arrangement between the publishers, the cuts for the 
illustrations of the original work become the property of the 
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American publisher and are used in the translation This will 
account for the appearance of some German words in connec- 
tion with a few of the illustrations 

In conclusion I wish to acknowledge my indebtedness to my 
colleagues, Professors Crew and Dains, of Northwestern Uni- 
versity, and to Dr. H. W, Wiley, of Washington, for several 
suggestions of value, and to my assistant, Mr. Frank Wright, 
for help in the reading of proof 


Chicago, January, 1902 


J. H. I^ONG 
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PART FIRST 


General Conditions of Optical Activity 


I, INTRODUCTION, DEFINITIONS, AND FORMULAS OF CAIr 

CULATION 

X . Active Bodies. — Those substances which possess the property 
of rotating* through a certain angle the plane of polarization of 
a ray of polarized light which passes through them are desig- 
nated as optically active^ or circularly polarizing^ while the 
property itself is described as optical rotating power. 

The property of optical activity is shown by . i, A number 
of inorganic and organic substances in crystallme condition. 
2 By a large number of carbon compounds when exposed to 
the polarized ray in liquid or dissolved condition. In bodies of 
the first class the cause of the optical activity is due to peculiarity 
of crystalline structure, while in the second it is due to an 
unsymmetrical arrangement of the atoms within the molecule. 

According to the direction in which the rotation of the plane 
of polarization takes place active bodies are either • 

Dextiorotatory, with the sign -I- or 
Laevorotatory “ -- or / 

If an organic rt!^-compound be subjected to chemical trans- 
formation, the derivatives may be in part also right rotating, 
or they may be in part even left rotating. In order to indicate 
the derivation from the original parent substance, the letter, 
is retained as a prefix for all bodies of the group, without, 
how^ever, expressing by it the direction of rotation in the 
derivative. If this, also, is to be shown, it caii*be done by the 
addition of the + or — sign. The expressions, ^ (+) and d 
( — ), indicate right and left rotating derivatives of a dextro- 
parent substance, while / ( — ) and I ( + ) indicate the direction 
of rotation of the derivatives of a laevorotating substance. 

I 



2 CONDITIONS OF OPTICAL ACTIVITY 

Many bodies occur in isomeric forms with optically diffeiciit 
behaviors. There are recognized 

/. Active modiJiccLtions ^ found always in two forms coi^ 
stituting the so-called optical antipodes, inasmuch as under 
like conditions, one form rotates as strongly to the right as 
the other to the left These are designated UvS the ^/-forin and 
the /-form. 

2, Inactive modifications which are mixtures or compounds 
of the* active antipodes in equal proportions, and which may 
be split up into these by the action of certain agents. For these 
so-called racemic bodies, the symbols r or dl, or ( -| /) are in use. 

Inactive modifications which cannot be decomposed into 
the active forms These will be indicated by in the follow- 
ing pages. 

2. Measure of Rotating Power, Specific Rotation. — In active 
crystals the observed angle of rotatibn varies with the thick- 
ness of the plate used, and it is customary to reduce this rotation 
to that of a plate i millimeter in thickness for compaiison 

In order to express the optical activity of dissolved solid or 
of liquid carbon compounds the conception of specific lotation^ 
introduced by Biot, is employed By this term is understood 
that angle of rotation which a hqnid would produce if iftoniained 
in one mbic centimeter one gram of active substance ^ and opposed 
a column one decimeter in length to the passL\n,c of the polan::cd 
ray. This datum calculated from observation is represented, 
following Biot’s suggestion, by the symbol [a:]. 

The following points concerning specific rotation may be 
noticed here in passing; a fuller discussion lieiiig reserved for 
a later chapter. As experiment has shown the angle of iota- 
tion produced in a polarization apparatus by an active liquid 
is dependent on • 

I, The length of column through %ohich the light passes^ anti 
is ill fact exactly proportional to this length. 

1 The letter t is often used to iiiihcaie uicemlc compounds, but it uppMUH iicUei 
to use It only for the inactive bodies which cannot be aphl up. Xu older Uuivoid 
danger of coiifusion with iso-compounds which me sometimes imUcuted with i, it 
would be better to iiae for these the letter /, The use of f mstea<l of (i for right 
rotating substances should be wholly discarded, inasmuch as it does not conft>rm 
to international use, and because, fuithei, it is alieady applied to taceiuie Indies 
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2 The 7 var)e le^igth of the light ray employed. — As in the 
case of refraction of ordinary light the rotation in general 
increases with decreasing wave length ; it is therefore least for 
red and greatest for the violet rays. Commonly homogeneous 
yellow light, corresponding to the Fraunhofer line is em^ 
ployed in the observations. By measuring the rotation for 
different rays the rotation-dispersmi of the substance is 
determined 

The temperature of the liquid, — With certain substances 
this has but little influence, but in many others it produces 
either an increase or a decrease in the angle of rotation. As a 
normal temperature, 20® C. should lie taken 
The following observations are lequired to determine the 
specific roiatton of substances which are in themselves liquids : 
a. The amount of rotation to the right or left for a definite 
color, and expressed in circular degrees, and decimals 
of the same. (The use of minutes and .seconds is not 
customary. ) 

/. The length of the observation tulie, m decimeters. 
i. The LempeiaUire of the liquid in the tube. 
d. The density of the liquid at the temperature, t, and 
reierred to water at 4° C. as the basis, in which case d 
expresses the weight 111 grams of one cubic centimeter. 
It the density is found by aid of a pyciiometei which 
holds at the temperature of 20° JF grams ot watei, 
and /^'grains of the Inpiid, then 

^ X 0. 99705 j - O 00120. 

Accoi’diiiK to the above definition, the si>edfic lotatiou i .4 
expiessed by the fonmtla : 

w a 

If the kind of liRlit used and the temperature are also added 
the specific rotation is a characten.stic constant of the .sub- 
•^tance in question. For example, for nicotine ; 

[a]’/' -- i6i.5S°- 

Solid active sub.stances are brought into .solution by aid of 
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inactive solvents. The preparation of solutions may be effected 
in two ways : 

I. By the aid of a measuring flask the contents of which, 
in true cubic centimeters at a definite temperature (as 20°C. ), 
is known. A certain weight of the active substance is weighed" 
into the empty flask, the solvent is added to effect solution, 
and then filled up to the mark. Prom this we have : . 

c. The concentration, that is the number of grams of active 
substance m loo cubic centimeters of solution, and the 
specific rotation follows, under the assumption that the 
rotation is proportional to the concentration, by * 


(11) 


M 


looor 

~n 


2. A weighed amount of the active substance is dissolved 
in the liquid in a flask which may be stoppered, and the 
weight of the solution determined. From these data there 
may be calculated 


p the per cent amount of active substance. 
q the per cent amount of inactive solvent 

Then, in order to find the concentration of the solution, its 
specific gravity, d, at a definite temperature, as 20®, must be 
found As pd = c, then * 


(HI) 


C«] 


100^ 
I p d 


This last method is to be applied when it is desired to 
investigate the dependence of the specific rotation of a body on 
the composition of its solution. 

In stating the specific rotation of a dissolved substance the 
solvent must always be given, also the concentration or the 
percentage strength with the specific gravity. Observations 
may be expressed in the following form For example 

[' (98 per cent alcohol, by volume, 

c=2s.is), M”“+44 90°- 
(glacial acetic acid, ^ 39 72, d^° = 

I 0113), 


Laurel camphor 


\ 


As experience has shown there are certain substances for 
which the specific rotation, as calculated from solutions of 
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different concentrations, remains constant or at most suffers 
but a very slight change. For such bodies, for example, cane- 
sugar or milk-sugar dissolved in water, the angle of rotation , 
is exactly proportional to the concentration, and therefore by 
the folloT!?ing foimula. 


(IV) 


_ looa" 

■ 


the strength of a solution of the substance may be found if 
the value of [^] ivS known. Polarimeliic analysis, especially 
of sugars, is bavsed on this fact. 

With the great majority of active vsubstances, however, it has 
been observed that the specific rotation increases or decreases, 
with increasing dilution of the solution, and at very diflferent 
rates for different substances; sometimes the direction of 
rotation, even, may change. In such cases, there must be an 
alteration of the nature of the substance by the action of the 
solvent If the value of [a'], for a number of solutions of 
different strengths has been found, it will be possible to 
express the dependence of the specific rotation on the factors 
p and ^by the following formulas, in which the constants, 

B, and C, or a, b, and dr are determined by experiment • 


(V) 

["] 

A + 

(VI) 

C«] 

a + bp, 

or 



(V') 


- A + Bq + Cy’ 

(VF) 


a -b bp -h 0^“ 


In the formulas, (V) and (V')i the constant A expresses 
the specific rotation of the active substance in undiluted con- 
dition, while B and C show the change produced by i per cent, 
of the inactive solvent. If q is taken equal to loo, the specific 
rotation in infinite dilution is given. 

In the formulas, (VI) and (VI') » the constant d? corresponds 
to the specific rotation in infinitely great dilution, while the 
value for the pure substance is given when p is taken equal to 
100 , 

If it be desired to replace the constants, A and by a and 
^in the formulas, (V) and (VI), and vice versa, we take 
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A = a TOO b a = A loo B 

B = ’-b b^--B 

In the 3“term formulas, we have : 

A = a loo b + 10,000 c a = A loo B + io,ooo C 
B — — b — 200 c. b = — B — 200 C. 

C—c. C—-C, 

If, further, the constants of the equation, 

\ot\ = a bp cp\ 

have been determined for an active substance, with molecular 
weight M, and if it be desired to alter them, so as to make 
them apply for a derivative (hydroxide or salt, for example), 
with the moleculai weight M\ which leads to the formula, 

\^ay = a' + b'P + 

then, we place : 



3. Molecular Rotation, — This term is applied to the product of 
the molecular weight and specific rotation of a body, and is 
represented by the symbol [M ] . But, to avoid the use of 
inconveniently large numbers, it is customary to take the 
one-hundredth part of this product ; thus . 

M 

100 ^ -■ 

In this case, expresses the rotation which would follow, 
if each cubic centimeter of the solution contained i gram- 
molecule of the active substance, and the length of the liquid 
column were i millimeter. The molecular rotation is applied 
in making stoichiometric comparisons 

4. Historical. — The rotation of the plane of polarization was 
noticed first m quartz plates by Arago, m 1811. In 1815 
Biot and Seebeck discovered the optical activity of certain 
organic substances (oil of turpentine, and aqueous solutions 
of sugar and tartaric acid). Through a long series of investi- 
gations, extending over a period of 47 years (from 1813 to i860), 
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Biot establislied the important physical laws and the general 
nature of the phenomena observed. In 1 823, Fresnel published 
a theory of the effects as noticed in quartz in which he intro- 
duced the term circular polarisation. In 1831, Herschel dis- 
covered the important relation existing between the rotating 
power in quartz crystals, and the development of their faces. 
A further fundamental discovery in this field was made by 
Pasteur, who found in 1848, in the examination of tartaric 
and racemic acids, that one and the same active substance may 
occur in oppositely rotating and in inactive modifications. 
The last great advance in the subject was brought about in 
1874 by van ’t Hoff and TeBel, who independently discovered 
the relation existing between the rotating power of organic 
substances and their atomic constitution, in the discussion of 
which the notion of asymmetric carbon atoms was introduced 
in the science 

II. CLASSIFICATION OF ACTIVE SUBSTANCES 

5. Prehminary Remarks, Relation of Crystalline Form to Rotation. 
— All bodies which in crystalline condition or in solution have 
the power of rotating the plane of polarization of light 
cryslalH/e, as was shown by Pasteur,^ in so called hemihedral 
forms, and the crystals of the right and left modifications of 
" an active .substance aie enantionwrphous. 

A hemihedral crystalline polyhedron is not superposable on 
its mirror image The original form and that corresponding 
to its image are related as is the right hand to the left ; they 
exhilnt the peculiarity described in crystallography as enantio- 
morphism . 

liemihedral forms, from a geometric standpoint, can possess 
axes of symmetry only, but no center of symmetry and no 
planes of simple or compound symmetry.^ 

In the thirty-two possible crystalline groups, eleven are 
found with hemihedral forms, and these are given below with 

' I’nsteur . Compt, icnul., a6, 53*5, a 7 , 401, 35, 180 Compaie also Becke Mm, 
umlpetioKi Mittli v Tsclitnnak, 10, 414 (1889), la, 256 (1891) 

» l'*oi tleUuls on the fiyiinuetry relations 111 eiiantioiuorphous forms consult the works 
of Th rjebiHch, arunclnsq der physikahsclien Krystallographie, lyCipzig, 1896 
r Cloth • Ehysikalische ICrystallograiilne, 3 Aufl , I^eipzig, 1895. 
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the nomenclature of I^iebisch, and also that of Groth in 
parenthesis 

/. Regulm^ System 

1. Plagihedral-hemihedral (pentagon-icositetrahedral) group, 

2. Tetartohedral (tetrahedral-pentagondodecahedral) group. 

//. Hexagonal System 

3 . Trapezohedral-hemiliedral ( hexagonal-trapezohedral ) group. 

4. First hemimorph-tetartohedral(hexagonal-pyramidal)group. 

5. Trapezohedral-tetartohedral ( trigonal- trapezohedral) group. 

6. Octahedral (trigonal-pyramidal) group 

III, Tetragonal System 

7. Trapezohedral-hemiliedral (trapezohedral) group 
8 Hemimorph- tetartohedral (pyramidal) group 

IV, Rhombic System 

9. Hemihedral (bisphenoidal) group 

( V, Monochnic System 

10. Hemimorphic (sphenoidal) group 

VL Triclinic System 
II Hemihedral (asymmetric) group. 

In all cases in which a complete determination of the 
crystalline symmetry of the bodies under consideration could 
be carried out the statement made above, that optical rotation 
in a crystal is always associated with enantiomorphism, has 
been confirmed/ As experience has shown, this rule is not 
reversible ; that is, if the crystals of a body are found to be 
hemihedral the conclusion can not be drawn that in either the 
solid or dissolved form it will show circular polarization. For 
example, the following compounds crystallize in hemihedral 
forms, NH,C 1 , Ba(N03)„ + H, 0 , NiSO, + 6 H, 0 , 

Sr(CHOJa + 2H2O, but they are inactive in solid form as 
well as in solution,^ 

1 I/iebisch . lyoc cit,, p 41 and 426 

2 Objections to Pasteur’s law have been raised by Wyrouboff , Ann chim phys, 
[6], 8, 416; [7], I, 10 Also by Walden Ber. d chem. Ges,, 99, 1692 Traube 
replied to this Idid , 29,2446 
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Optically active substances may ;b6 divided into three esseu- 
tially distinct classes : 


6, First Class — Bodies which possess the property of rotating the 
plane of polarized light only in the crystallized condition, and which 
lose this property when brought into the amorphous condition by 
fusion or solution. 


Circular polarization lias been noticed only in crystals 
belonging to the regular, hexagonal, and tetragonal systems ; 
that is, in groups i to 8 of the above scheme. At present the 
following organic and inorganic bodies are known to belong 
here : 


Regular System, 


Gioupz J 


Sodium chloxale 

Sodium broinate . 

Sodium sulphantimonate 
, Sodium uranyl acetate. . . 


NaClO,,. 

NaBiO.,. 

.Na.,SbS,+9HaO. 

NaU0,(C,H«0,)3. 


Hexagonal System. 


Group 4 


Potassium litliiuiii sulphate 

Ammonium lithium sulphate 

Rubidium lithium sulphate 

. Potassium sulphate lithium chioniate 


.KLiSOi 

(NH4)T4SOt, 

. RblviSO^ 
.K^vSOH'biAOi 


Group 5 


Quart/ 

Cmiiabai 

Potassium dithionate 
Rubidium dithionate 
Calcium dithionate. . 
Stroll timii dithionate 
Lead dithionate . . ■ 

^ Benzil 


SiO. 

HgS 

K^S.Oo. 

Rb..vSj,0„. 

.CavSa6« I 4HaO 
vSrvSoOflH 4HaO 
I’bSaOeH 4ThO. 
CJIft.CO CO CoIIb 


(Rubidium and cesium tartrates, lain el camphor, and matico-camphor 
belong to Class II ) 

Group 6 -j Sodium periodate NalO, + sIIjO. 


Tetragonal System. 


Group 7 


'Ethylene diamine sulphate 

Guanidine carbonate 

Diacetyl phenolphtluilein 

Sulphobenzene ti isulplnde 

^Sulphotolueue trisulphide 


(CH5N:,)HaCOfl 

C,„H„(C,nA)aO, 

(C„H8.vSO,.S\S. 

(C,H,.S03.S)aS. 


(Strychnine sulphate belongs in Class II.) 


/ 
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The optically active single-refracting crystals belonging to 
the regular system show rotation of the plane of polarization 
equally strong in all directions, as was shown especially by 
Sohncke,’ in the case of sodium chlorate. In the cases of 
hexagonal and tetragonal crystals, which are uniaxially double- 
refracting, the phenomenon of circular polarization may be 
observed only in the direction of the optical axis, and plates 
for this purpose must therefore be cut perpendicularly to this 
axis. In normal biaxial crystals belonging to the rhombic, 
monoclinic and triclinic systems the rotating power has not yet 
been observed, and as Wiener^ has shown, it cannot be found in 
all those cases where there is at the same time strong double 
refraction. 

All the active crystals which have been mentioned above 



Fig I* 



Fig 2 


occur in right- and left-rotating varieties, which exhibit equal 
activities for equal thicknesses of layers passed by the light 
The direction of rotation stands in relation to the condition of 
enantiomorphisin in the crystal, which is often shown in the 
geometric development of the latter by the appearance of 
so-called heinihedral or tetartohedral surfaces, oppositely 
located in different individual crystals. The best known illus- 
tration of this is found in hexagonal, trapezohedral-tetarto- 
hedral quartz, in which the tetartohedral surfaces, .y and 
very often appear, and in such a manner that in right-rotating 
crystals (Fig. 2), the vsurface, s, lies to the right of while in 
left-rotating crystals (Fig. i), it lies to the left of ;r. The one 

^ Sohncke Wied Ami.^ 3, 530 

2 Wiener . Wied. Ann , 35, i 
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form is the mirror image of the other. Analogous relations 
are found in other crystals of the class. ^ 

The extent of rotating power, for equal thicknesses of layer 
passed by the light, is very different in different active crystals. 
The following table gives the data thus far found for plates 
of 1 millimeter thickness, and for light of different wave 
lengths. The latter, expressed in millionths of a millimeter 
correspond either to the Fraunhofer lines, C, Dy Ey Fy 
Gy to mean yellow light, y, or to the lines from lithium, sodium, 
and thallium. The bodies are arranged in the order of their 
rotating iDower for the line D?‘ 


Oydallmc mixUuxs oi isomorphous active crystals exhibit 
a rotation which is nearly propoitional to the percentage com- 
position and amount of rotation of the components The 
Xiroof of this rule has been given mainly by Bodlander* from 
investigations of various crystallizations of lead dithionate 
and strontium dithionate. 


Behavior of active aystah in powdered conditwn . — ^The ques- 
tion as to whether the rotating power of fine particles is the 
same as that of the larger crystal, or whether it decreases 
when the pai tides have reached a certain degree of fineness 
has been tested by lyandolt^ with sodium chlorate. 

In ciystalline plates i millimeter in thickness the .salt shows 
a rotation for white light, ~ d= 3.54®, and as its specific 
gravity is d 2.488 the specific rotation must be 
M; ^ I 42®. If the ciystals are iiibl3ed as fine as 

l^ossible and the powder so obtained be vSUvSpeiided in a mixture 
of absolute alcohol and caibon disulphide, the composition of 
which may be varied until a cleai liquid is obtained, that is, 
until the mixtiue has the same refractive index as the salt 
particles, then it is found on examination 111 a polarization tube 


I All these eiiwes ate tlisouHsedm the woikstil tliothrmd Iyie1nHoh,nhetuly lefoued 
to. 

Ih'sides these the followhijjf ot)4crvutioiis hftv<' heeii intitle which leai to Kieeii 
lij^ht nt)t hpeciallj’ dehaed ; 

Strontium dtthumiltc Vntrtr Atm 

Calcium dithioiuitc....* jaijO) » *3Pt ^-^41 (^^70)* 

h'ull data aic Kiven fut quait/aiul sodium chlouiic m the chaidei on '* Kotatioii 
Dispel sion,” 

8 llodlander Inaug: DifiH. llreslau, iHHa ; Wied, Beib., 7, 396. 

* Damlolt: Bitssimgshcr. dei Beil Akad , 1896,785; Ber. d. chem. Ges., 3404. 
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(i to 1.5 decimeter in length) that the suspended substance 
shows the right or left rotation of the original crystals. In 
order to keep the powder evenly distributed through the liquid 
it is necessary to rotate the polarization tube on its axis In 
such experiments in which the diameters of the particles were 
mostly between 0.004 and 0.012 mm. or even between 
0.003 and 0.007 the specific rotation^ was found as 

= =b r.36® to 1.49°, or, in the mean, do 1 41°, referred 
to a layer i mm. in thickness As this value agrees exactly 
with that found for the large crystals it follows that m 
powdering to the degree mentioned the active crystalline 
structure has not suffered the slightest change The question, 
what size the smallest particle which still shows circular polar- 
ization must have, and of how many single molecules it must 
be composed, remains unanswered. 

The optical activity of sodium chlorate disappears completely 
in aqueous solution, and even when this is in supersaturated 
condition. If the salt be precipitated by addition of alcohol, 
the crystalline precipitates formed, and from solutions of either 
right or left rotating crystals, are found to be, when examined 
in the suspended condition, either inactive or to show one of 
the two directions of rotation. The specific rotation is, 
however, always smaller than the normal ( db i 41°), from 
which It follows that the precipitates are mixtures of right and 
left salts. Which of these predominates depends on the direc- 
tion of rotation of the particles which first separate Bearing 
on this it may be said that when one of two portions of a 
saturated solution is treated with a trace of the solid right- 
rotating salt, and the other with a trace of the left-rotating 
salt and then precipitated by alcohol, the precipitates formed 
are found to rotate accordingly. 

On the cause of rotation m crystals see §§ 9 and 10. 

1 The specific lotation of solid active particles is exiiressed, as in the case of solu- 
tions by [a] aw///, when a is the angle of rotation, / the length of tube, w the volume 

of the same and / the weight of the powder suspended 



V^4. 4. X JC3.V.. XX \ ^»JLV X v9 X 


■i tfi. Cfi c C” ^ I 

r* » 2 So 5) Pi I 

^-»ssa I i 
■ ^ - I 
3 8 S* ® 3. 1 


: - § 5 gj g ii, 

f G g §e 

S' a ” Q f 

§.§? S 1^5 
»* 2 ^ g C B a 
° w ft tf j a - 
--' a* § >0 

C4 ^ ^ wCM ^o 

I M ® • "• «■ 

3 

O' ■ S.5 B il/f 

S "i g.3 
<gS I 

l►5|'5.“ wi 

§ S 3 

'- »'”-i'| ^ 

SI « Oo.®" I 

N* 3 I I? i!r ^ 
W 4w S* a a 
X:. 

K “ s?^ * 

£ g S. M O o- 

-IImS I 

£ 5 a 8 s-c ff 

1 "ri ^ « S?L Pi 

O' , ! 2 . ^ 

" 5 -j “ „ • a- 

G f> “ ■_ gl w 

2 1 r; ^ 3 ^ ^ 

s i:1'? gag 
s I -13 S-S*’ 
M a n “ ^ > 

'j' |‘f ^ B 

*’ ^ tp ^ ™ o 

si IvouJi 

Plli'?' 

w p« K (fq *0 0 'O 

B *^’ , rt a 

• 


5 1 'iSSS 

ig-s && 

5‘ « v “ “ 

i ffUi - ■» . 

* R\^oj oj 

I 


owcpiObWO' 

§§ it ft 1 1 

H . »xj . B I 

• » 2 • 0 * 0 , f® ' 
' • □. * <T» Ko ( 

• » n> . Erp 0 

• • • • « 

: : : : q %* : 
: • : : ? 


r&BiS'S’g 

lIHlI 

l•|^|5| 

jtlllti 

i ? ^ |ls 

! : : §£.S: 


•p H VO C/I 4iw QOCn 04 (^ 10 . M M 

Qod> -Vj tn Oi 6 j Oi ^ m h ; vO JS*. 
4* Si o O COVO 04 -{S'- 0» oc 

^ ft 


“nI • 0 » 00 

ft ft 


. . P> . C^ 10 to M 
• ; 04 , cn 00 a\ 00 




! Oi C/i *, 

ft 


. O . 04 , 

, C/I to • VO ; 

• M Ol C/I • 

ft 


Ir 

f 

CO 



n 

% 


M 


C/I 

b 



tc 



(n. 

% 



77 

M 

■ 

C/I 

til 

s. 


VO 




ON 


4:,. 


•“I 


^ ^ ^ |m| ^ ^ 

Ol 44> 04 M H O VO GOM Ovc/t 4 i» 04 to M 

f » wi' 

O- M ** M 


Color Red Yellow Green 





7 * Second Class, — ^Bodies which rotate in both crystalline and 
amorphous form, in solution or in fused condition* 

But SIX compounds of this class are known * 

Matico camphor, Rubidium tartrate, 

Patchouli camphor, Cesium tartrate, 

Laurel camphor, Strychnine sulphate.'^ 

It IS interesting to compare in these substances the rotation 
in the crystalline form with that shown by an equally thick 
plate of the amorphous compounds (H. Traube). In the last 
case the action of the single molecules alone comes into play, 
while in the other the effect of a particular crystalline structure 
is to be added to this In this second case the molecular rotation 
and crystalline rotation must be added together, or, if they have 
opposite directions they may partially neutralize each other, v 

The following observations have been made on these sub- 
4 stances 

Mahco campho}'' C^jHapO.'^ — The rotation of the hexagonal 
trapezohedral-tetartohedral crystals was discovered by Hintze** 
and measured by him, and also, later by H. Traube."^ The 
following angles were measured for a plate i mm. in thickness: 

Hmtze = ^Na = ““ 2.07°, afxi ™ — 2.47° 

Traube* a'jsja = i 81®, — 1.96®, — i 86® 

Mean, == — 1 92®,./ 

Right rotating crystals have not yet been found. 

H Traube'"’ has measured the rotating power of the sub- 
stance, which melts at 94®, in the liquid condition, 111 a tube 
I decimeter in length and at different temperatures, as follows : 


Temp 

Rotation for 

Sp gi alt® 

Specific rotation 

T 

I dm a jy 

di 


0 

00 

0 

— 26 29® 

0.924 

—28.45 

it 5 

—25.59 

0 901 

—28.40 

126 

—24.74 

0.874 

— 28.32 

135 

—23.86 

0845 

—28.24 


i Recently W J. Pope (J Chem Soc , 971) has added two bodies to this Uht. 

- CO 

These are cis-7r-camphaiiic acid, O CgHn/ , and tinuscamphotiicarboxylic add. 

^coon 

C7H11 CCOOH).,, descnbed by Kippmg J Chem, Soc,, 69, 943 and 950. Data concern- 
ing the amount of rotation are not yet given, 

3 Kugler Ber d chem. Ge{» , 16, 2841 
« Hmtze Pogg Ann , 157, 127 (1876), 

* Traube Sltzber, d Berlinei Akad,, 1, 195 (1895) 

H Traube Groth’a Ztschi. f Kryat,, aa, I, 47. 
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From the change in specific rotation with increasing tempera- 
ture the specific rotation for the ordinary temperature (20®), 
may be calculated as approximately = — 29 Traube 
obtained almost the same value; that is, — 28 7°, from obser- 
vation of a 10 per cent, chloroform solution of the camphor. 
If we take [«f] — — 29° this represents the angle of rotation 
of a column of the amorphous camphor 100 mm. in length 
and having the ideal density of i. If we reduce the rotation 
of the crystalline camphor, with a density of 1.08 at 15°, to 
the same standard we have : 

[«]„ X 100 ^ / 

1.08 

The angle of rotation of the amorphous and crystalline sub- 
stances are related thus as 29 . 178 , and if we assume that in 
the last number the molecular rotation is included, the part 
due to the crystalline structure must be 178°— 29° = 149°. It 
follows therefore that the lotatory polarizing behavior of the I 
crystals is about due to the molecular rotation and -f to the I 
crystalline rotation 

Paiclioitli camphor, —The optical rotation of the 

hexagonal crystals, first noticed by v. Seherr-Thoss^ was 
measured by H Traube,” who found a rotation of — i 325° 

foi I mm. Montgolfier'* found [«]/>— — 118° as the specific 
rotation of the fused substance at 59° (conespondmg to about 
— n8 3® foi the 01 dinary temperature) From alcoholic solution 
in which the lotation deci eases with the dilution he derived 
the value, [a];, 1245® for the pure substance. From 

these two values, by taking the specific gravity as i 051, 
according to Gal* (for the crystals), the rotation of a layer t 
mm. thick is calculated as otj, 1,24 and i 31, which values 
agree very well with that observed in the crystals ; vis., 1 325 
We have here a case in which the crystalline rotation coincides 
nearly with the molecular rotation, and one therefore in which 
the effect of the first is scarcely, if at all, perceptible. 

Laurel camphor, CioFI,p. — The crystals, according to 
H. Traube, hexagonal trapezohedral-tetartohedral, show, by 

i l*riv(ite comniuniciitioii 

» H Traube. Slts!iunK. 4 bei. dor Berlluei Akad., i, 195 (1895). 

J Montjyolber. Hull hoc chlm. [2], aS, 414 (1877) 

Gal Ztscbr Chem, 820 (1H69). 
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the measurements of v. Seherr-Tlioss^ a right rotation as 
follows, for a plate of i mm. thickness * 

white light Ray B Ray D Transition tint Ray G 

o 875® 0.455® 0*^5° 0.73® 1.818° 

From solutions of the camphor in different liquids the maxi- 
mum specific rotation of the pure amorphous substance is 
found to be [at]^ = -f- 55 5° f therefore, if the specific gravity 
be taken as o 998, the same as for the crystallized camphor, 
the angle of rotation for a layer of i mm. thickness is found 
to be \ jx]d = + o. 55® . This value is but little lower than that 
found for the crystals, 0:2,= + o 65°, from which it follows 
that the activity of the latter appears to depend almost wholly 
on the molecular rotation. 

Right and left rubidium tartrate, Rb2C4.H40fl. — According to 
H. Traube both salts are hexagonal trapezohedral-tetarto- 
hedral. As Wyrouboff*^ found and Traube'^ later the crystals 
formed from ordinary d~ tartaric acid are left rotating, while 
those from /- tartaric acid are right-rotating. They observed 
for plates of i nim. thickness : 


< 2 -Acid salt /-Aad salt, 

Wyroiiboff = — 107° 10.5° 

Traube — 10.24 +1012 


If the left-rotating crystals be dissolved in water the solu- 
tion shows right rotation and vice versa The specific rotating 
power is diminished with increasing dilution, and at a rate 
which is shown, according to Rimbach,® by this formula, 
derived for the right rotating salt 

[cxyf = + 25-63° —o 06123 g , 

in which ^ represents the percentage amount of water present. 
This formula was derived from observations on solutions con- 
taining up to 64 5 per cent, of the salt, and the constant, 
25.63, may therefore be taken as satisfactorily representing the 
specific rotation of the amorphous anhydrous substance. 
Using with this the known specific gravity of the crystallized 

V Seherr Thoss Ztschr fiir Kryst , 23, 583 (1894) 

2 Mean of the determinations of I/andolt Ann Cheni, (I/iebig), i8p, 332, and Rim- 
bach Ztschr phys Clieiii ,9, 6g8 

3 WyroubofF . Jour de pliysik [3], 3, 451 (1894) 

* H, Tiaiibe Sitzungsber. der Berliner Akad , i, 195 (1895) 

3 Riiubach Ztschr phys Cheni , 16, 671 (1895). 
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salt, d == 2.694, we obtain the rotation of a plate i mm. in 
thickness from 

= o 2563 X 2 694 = + 0.69. 

Regarding the phenomenon that the crystals show a rotation 
opposite in direction from that of the solutions it may be said 
that this depends on the activity of the molecules. It is well 
known that with many substances the direction of rotation is 
dependent on the concentration of their solutions. For 
example, malic acid, sodium malate and banum malate show a 
negative rotation m dilute solutions which decreases with 
increasing concentration, becomes zero (for malic acid in 34 
per cent, solution) and then goes over into a right-hand rota- 
tion This would remain if the substances were finally brought 
to the solid condition. The same phenomenon is exhibited by 
solutions of flf-tartanc acid, the specific rotation of which is 
given, according to Th Thomsen,^ by this formula : 

[or] 1? = — 1.265 + 0.1588 q 

According to this the point of inactivity is reached in a solu- 
tion with 8 per cent, of water and the solid substance would 
show left rotation, as Biof indeed found. The alkali tartrates, 
however, do not .show this change of rotation, and also for the 
rubidium salt of dextrotartanc acid it is evident from the 
above formula of Rimbach that even in the most concentrated 
solution or in dry condition it can not exhibit left-hand rotation. 

As, therefore, the activity of the molecules produces no 
change in the diiection of rotation, it follows that in the struc- 
ture of the crystals must be found the reason why these rotate 
oppositely from their solutions. Consequently it may be 
assumed that in the case of the rubidium salt of ^-tartaric 
acid the observed rotation, = — 10.24®, is compounded 

from the molecular rotation, == + 0.69®, and a crystalline 
rotation amounting to = — 10.93°. The crystalline rota- 
tion would, therefore, be about sixteen times as great as the 
molecular. 

Strychnine sulphate, (C2xH22Nj02)2.HaS04.6Ha0. — In the 
tetragonal crystals rotation, left-handed, was first observed by 

1 Thomsen ’ J. prakt Cliem, [2], 33, 213 

a Biot* Ann. clnm. phys. [3], 28, 351. 

2 
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Des Cloizeaux/ H. Traiibe^ found OLn = — 13.25 for i mm 
The solutions are also left-rotating. According to Wyrouboff* 
strychnine sulphate is not a true circularly polarizing sub- 
stance It may be obtained in two forms, of which one is 
quadratic and optically inactive, while the other is built up of 
layers of clinorhombic plates. Light passing through these 
last crystals is partially elliptically polarized 
Further, amylamine alum would belong also in the group if 
^ the statement of LeBel^ is correct that it shows rotation in 
crystallized and dissolved form. But according to Wyrouboff*^ 
while the crystals show anomalous double refraction they are 
not circularly polarizing. 

Finally it must be remarked that circular polarization should 
be expected in all those optically uniaxial and regular crystals 
of substances which exhibit molecular rotation The reason 
why this has been observed in but few cases up to the present 
time may be found in the fact that the rotating power of many 
bodies is too small to be detected in crystal plates, to which, 
on account of the necessary homogeneity and transparency, 
only a slight thickness can be given In conine aluminum 
alum (C8 HiyN) 2,H2S04 + Al^CSOJa + 24.11 fi, and in conine 
iron alum + Fe^CSOJa -f 24HaO, which 

both crystallize regularly tetartohedral, H Traube**’ could 
find no evidence of circular polarization, even when, by piling 
up clear octahedra, layers of i to 3 cm. were obtained. In 
aqueous solution, however, optical activity was present, 
although small ; for the aluminum salt, with 46, [«]„ — 

+ o 70° and for the iron salt, with d: = 66.8 =: -j- 0.53° 

were found. 

8, Third Class . — ^Bodies which are active only in amorphous con- 
dition (natural liquids or solutions). 

^ The substances of this class are carbon compounds exclu- 
S sively , no inorganic substances are known which belong here, 

The following tables give a general summary of the active 

1 Des Cloizeaux Pogg Ann , 102, 477 (1857) 

2 H Traube I/andolt-Boernstein’s phys chem Tab , 2nd ]^d p, 460. 

8 Wyrouboff Bull Soc Mm., 7, 10 (1884) 

* ne Bel Ber d cbem Ges , 5, 391 (1872), 

6 Wyrouboff Ann chim phys [ 6 ], 8 , 340 (1886) 

« H Traube • N Jahrb. fur Min , Beil , p, 625 
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organic compounds with their optical modifications. Of the 
last the right-rotating ai‘e designated by +, the left-rotating 
by — , the racemic bodies, which may be split into their anti- 
podes, by r, and the inactive forms, which can not be split up 
by 2, The letter / is used also with some inactive bodies of 
unknown constitution, which on account of the connection are 
grouped with other substances. In the symbols, d ( — ), 

^(+)» ^(“~)> ^ and / indicate the derivation from a right- or 
left-rotating parent substance, while + and — indicate the 
direction of rotation. 

For those bodies which have been studied in solution the 
solvent is mentioned, because this sometimes exerts an influ- 
ence on the direction of rotation 


W - water, 
A = alcohol 
B — etlici 
Ac-- acetone 


JS = benzene. 

C — chloroform. 
Aa acetic acid. 
Bo = borax 


/ indicates that the body is in itself a liquid. 

As far as space permits the constitutional formulas of the 
substances are given and in a manner which will indicate the 
asynimetiic carbon atom, and that is by placing the four 
groups connected with it 111 parentheses. 

The data on vSpecific rotations will be given later in the 
.section on constants of rotation. 


I Hydrocarbons, 






Methylethylpioj)ylmellmiic, CaHJC(n)(CH^) . - 

/ 

+ 




Diamyl, (CJIJ(CII„)(n}C(CIIa--CH.JC(II)(CH,0(W^^^ / 





Phcnylnuiyl, (C„IIr.CHj)(C,II„)C(Cn„)(H) 

/ 

H- 




Isobiitylamyl, (C,Il6)(CHa)C(H)(C4n„) 

/ 

+ 




Elhylamyl, ^C»II,)(CH,)C(^)(C,^„) 

/ 





2. Monohydric Alcohoh and Derivatives 






MeUiylethylcarbiuol, (C,H|,)(CHa)C(H) (OH) 

/ 


- 



Derivatives : chloride, iodide 

/ 

+ 




Amyl alcohols : 






Melhylethylcarbincarbinol, common active amyl alcohol, 






(d,H8)(CH,)C(H)(CH,OH) 

/ 

+ 


r 
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Derivatives: (^j:) From /-amyl alcohol: chloride, bro- 
mide, iodide, cyanide, sulphydrate, 
thiocyanate, ether, ester, amylsiil- 
phunc acid, diamylamine, tnamyl- 
amine and salts of amylamine • • • • 

Amyl amine * •* 

(d) From i/-amyl alcohol iodide / 

Methylpropylcarbinol, (C8H7)(CH3)C(H)(OH) • / 

Denvatives From the /-alcohol : chlonde, iodide / 

Acetin, propin, butynii / 

Hexyl alcohols 

Methylethylpropyl alcohol, ( CgHg ) ( CHg ) C( H ) ( CH^ 

CHjOH) / 

Fthylpropylcarbmol , ( ) ( CgHg ) C ( H ) ( OH ) f 

Denvatives Chlonde J 

Iodide f 

Methylbutylcarbinol, (C4H9)(CH3)C(H)('OH) f 

Methylamylcarbinol, (C6Hn)(CH3)C(H)(OH) / 


+ 


3 Dihydrtc Alcohols and Denvatives. 

Propyleneglycol, (CH3)(H)C(0H)(CH20H) 

Denvatives From /-propyleneglycol propyleiie- 

oxide 

Diacetin, mono- and dichlorhydrin, 

Chlorbromhydnn 

Chloracetin, chlorbutyiin 

Diphenylglycol 

Denvative Diphenylethylenediamine, [ ( C^Hg ) 

(NH9)(H)C]9 




4 Trthydrtc and Tetrahydnc Alcohols and Derivatives. 
No optically active compounds are known. 

5 Peiitahydric Alcohols 

Arabitol, C5H12O5 JV+ Po 

Xylitol, CgHjaOg Do) 

Adonitol, CgHiaOg Do) 

Rhammtol, 

Quercitol, CflHiaOfi (cyclic) 

6 Hexahydric Alcohols. 

d-Mannitol, 

W -f- Bo and other salts 

. alkalievS 

/-Mannitol, ^ 
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Derivatives * From fl^-mannitol, isomanmtol ( JViAy)^ 
/3-mannitol ( W ) , hexaacetate ( JV ) , 


hexachlonde {B) + 

Mannitoldichlorhydrin {W) — 

^^-Sorbltol, CoHiA W — i 

W + Bo^ alkalies + 

/-Sorbitol, CoHuOfi W + Bo — 

^-Iditol, CoHhOb W + 

/-Iditol CoHuOfl ^ — 

Dulcitol, CoHiA 

Talitol, CfiHuOfl i 

Rbamnohexitol, C^HigOfl ^ + 

^/-Inositol, CcHiaOfl (cyclic) W' + 

Hexaacetate A -j- 

/-Inositol 

Hexaacetate A — 

/-Inositol ^ r 

Bornesitol, methyl inositol, CtHi^Oq (cyclic) JV + 

Pmitol, (cyclic) JV -\- 

Quebrachitol, C7Hj^Ou (cyclic) JV — 

7 Heptahydnc Alcohols 

Volemitol, CtHuP, + 

o-Glucolieptitol, C7H1CO7 W t 

a-Galaheptitol, C7Hn,07 IV 1 ? 

flf-Maiinoheptitol, C7H7„07 IV 

IV -j^ Bo 

/-Mannoheplitol, C7Hig07 - IV p 

^-Mannolieptitol, C7H1BO7 r 

8 Octahydfu Alcohols 

^/-Mall^ooctltol, ChHihOh •• IV ^ 

/-Glucooctitol, CHHiyOa IV -(- 

9 Nonahydnc Alcohols 

Gluconointol, Cj,H2„Oy ? 

10 Acids with Two Atoms of Oxvgen^ and Derivatives 

Valeric acid, (C,H 6 )(CH»)C(H)(C 00 H) / _| _ 

Derivatives From i/-valenc acid ester, valeralde- 

hyde, valeryl chloride f 

Caproicacid, CC2HJ(CH„)C(H)(CHaC00H) / + 

Derivative HexylCvSter f „|- 

II Acidly with Three Atoms of Oxygen and Derivatives, 

Ethyhdene lactic acid, (CH3)(H)C(0H)(C00H) JV r 
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Denvatives: From ^-(sarco)lactic acid salts, esters, 

anhydride (alanin?) ^ 

From /-lactic acid: salts, esters, anhy- 
dride * ^ 

a-Oxybiityric acid, (C2H6')(H)C(OH)(COOH) W 

^-Oxybutyncacid, (CH8)(H)C(OH)CCH2COOH) W 

Phenylglycohc acid, (C6H5)(H)C(OH)(COOH) W 

Isopropylphenylglycolic acid, (C8H{j)(C3H7)C(OH) 

(COOH) 

Tropic acid, (CoH 5 )(H)C(CH 20 H)(COOH) 

a-Amido propionic acid, alanin, (CHg)(H)C(NH2) 

(COOH) 

Phenyl-ft-amidopropiomc acid, (CH8)(H)C(NHC6H5) 

(COOH) 

a-Amidocaproic acid, leucine, (C4H9)(H)C(NH2) 

(COOH) ;• 

acids or alkalies 

Derivatives' Phthalylleucme, leucinephthalicacid. 

Cystin, (CH 8 )(SH)C(NH 2 )(C 00 H) HCl 

Derivatives* Phenyl cystin, (CH8)(C9HfiS)C(NH2) 

(COOH) NaOH 

Bromphenyl cystin NaOH 

Phenyl mercaptunc acid , ( CHg ) — 

(CeH 6 S)C-(NHCOCH 3 )(COOH)... A 

Bromphenyl mercaptunc acid A 

Sodium salt of same W 

Oxyphenyl alanin, tyrosin, (HO C^H^ CH2)(H)C 
(NH2)(COOH) NaOH, HCl 

Parasorbicacid, (C2H6)(H)C(0)(CH=CH-C0) / 

Ricmoleic acid, (CeHiO(H)C(OH)(CH C CgH.fl.COOH) 

f,Ac 

Ricinelaidic acid, (isomeric with ricinoleic acid) A 

Ricmstearohc acid, Ci^Hgo.OH COOH Ac 

12. Actds with Four Aioim of Oxygen and Derivatives 
Pyrotartanc acid, (CH3)(H)C(COOH)(CH2.COOI-I).. • W 

Glyceric acid, (CH 20 H)(H)C( 0 H)(C 00 H) 

Derivatives* Salts and esters of the fl?-acid» 
Phenyl-a-bronilactic acid, ( C^Hg ) ( H ) ( OI-I ) C— -C ( Br ) Jh ) 
(COOH) 

Phenyloxyacrylic acid, (C 8 Hfl)(H)( 0 )C — C( 0 )(PI) 

(COOH), salts y- 

Phenyldibrompropionic acid, cinnamic acid dibromide, 

(C„H 6 )(H)(Br)C-C(Br)(H)rCOOH) A 

Phenyldibrombutync acid, (C 8 H 6 )(H)(Br)C*— C(Br) 
(H)(CHaCOOH) A 
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13 . Acids with Five Atoms of Oxygen and Dertvaitves. 


Tnoxybutyric acid, (CH20H)(H)(0H)C— C(H)COH) 

(COOH) W + 

Shikittiiiiic acid, C7H10O3 (cyclic) A — 

Denvatives* Triacetyl, propionyl, butyryl esters, hy- 
droshikiminic acid, dibromsbikiminic 

acid W - 

Bromsliikiminic acid lactone W + 

Dioxybydroshikiminic acid W i 

Malic acid, (H)(OH)C(COOH)(CH2COOH) W + r 

d-Mahc acid, according to concentration W + — 

anhydrous — 

/-Malic acid, (common acid) according to concen- 
tration W + — 

anhydrous + 

Derivatives* Of /-malic acid: malates, esters, amide. . W — 

Acetylmalic acid Wy Ac — 

Acetylmalic acid anhydride -f Ch — 

Propionyl-, butyrylmalic acid, and an- 

hydnde Ck — 

Methylmalic acid, (CH3)CCOOH)(H)C— C(OH)(H) 

(COOH) JV + ^ 

Chlorsuccinic acid, (Cl)(H)C(COOH)(CHaCOOH) . . . . W + 

Methoxy succinic acid, ( C H3O ) ( H ) C ( COOH ) ( CHg 

COOH) JV -f —r 

Ktlioxysucciiiic acid W + — r 

Unmidosuccinic acid, ( H ) ( NH, CO.NH ) C ( CO ) ( CH^ 

COOH) TT. W + 

Uramidosuccinamide, (H) (CH^.CO.NHa) C (NH CO 
NH,)(COOH) IV + - 


Aspartic acid, (H)(NHa)C(COOPI)(CHaCOOH) IV -\ r 

Common aspartic acid, m alkaline solution — , in 
acid solutions +, 

/ 3 -Asparagin, (H)(NH2)C(COOPI)(CH2.CONH2) IV + - 

/-Asparagin, in alkaline solution—, in acid solu- 
tion! * 

Oxyglutanc acid, (H)(OH)C(COOH)(CaH^.COOH). .. PV - r 
Glutammic acid, (H)(NH2)C(COOH)(C2H4.COOH) 

IVy acids ^ ^ r 

^/-Acid alkalies — 

flf-Amide > . - HCl + 

Pyroglutaniinicacid, (H)(irH)C(C2H4CO)(COOH), and 

amide IV -f — r 

a..Isotrioxysteanc acid, Ci7H8jirOI'I)aCOOPI.. — ' 
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14. Acids with Six Atoms of Oxygen and Derivatives • 

[The aldehydes of these monobasic acids are described 
as oxyaldehydes (sugars) below.] 
Tartancacid, (COOH)(OH)(H)C~-C(H)(OH)(COOH) W 
Denvatives Of ^/-tartaric acid * neutral and acid 
salts, esters, methyl and ethyl tartanc 

acid salts, tartramide W" 

Diacetyl tartaric acid anhydride and 
diethyl, dipropyl [Ac^ A)^ dibutyl 
ester, di-benzoyl tartaric acid anhy- 
dride {Ac) 

Diacetyl tartaric acid and salts, dia- 
cetyl tartaric acid dimethyl, diben- 
zoyl tartaric acid hydrate, dimethyl. 


diethyl, and dibiityl esters A 

Derivatives Of /-tartaric acid neutral and acid 

salts, amide W 

Diacetyl tartanc acid dimethyl ester . • A 

Arabonic acid, CgHioOe ; lactone, CgHgOs W 

Ribonic acid, CgHujOc lactone, CgHgOg W 

Cadmium salt W 

Rhamnonic acid, CgHigOg, lactone W 

Xylomc acid, CgHioOg first-, then 

Strontium salt W 

Lyxonic acid, CgHioOg ^ 

Saccharmic acid, CgHijOg, lactone (saccharin) W 

Sodium and calcium salts - IV 

Isosacchanmc acid, CgHj^Oa, lactone (isosaccliann) W 

Sodium salt W 

Anilide A 

Metasacchannic acid, CgHigOg, lactone (nietasaccharin) W 

Quinic acid, (cyclic) JV 

Chitanc acid, CgHioO^ ? 

IS Acids with Seven Atoms of Oxygen and Derivatives* 
[For aldehydes see under oxyaldehydes (sugars),] 
Trioxyglutaric acid (from arabinose) (COOH)^. 

(CH0H)8 JV 

Potassium salt fV 

Saccharonic acid, (COOH)(OH)(H)C—C(II)(OH)— 

C(CH3)(0H)(C00H), lactone JV 

(/-Gluconic acid, CgHiaOt, calcium salt, lactone IV 

/-Gluconic acid, CgHiaO^, calcium salt, JV 

«-Gluconic acid, CgHujOT PV 

Glucoronic acid, CgHioO^ IV 




ACTIVE) ORGANIC COMPOUNDS 
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Derivatives* Thymol- and dichlorthymolglucoronic 

acid ^ 


df-Guloiiic acid, C^HujO^, lactone.. .. . 


W 

JV 

/-Guloiiic acici, j iacLOiie*.. •• 


JV 

jrjti^iiy iuycu 


JV 

^-vjriiionic acici, s.,,n| 2 W*j 


JV 

a-Maniionic aciu, -ai^^oue .* 

/-Manuoiiic acid, lactone 


JV 

t-Maiiuoiiic 

rf-Idomc add, CoH,aO„ cadmium 
bromide - 

salt + 

cadmium 

/-Idomc acid, ; qadmium 

salt d- 

cadmium 

w 

uroiniue * 


JV 

a**(jriUflClOniC aClU, 

Derivative Calcium salt 


JV 

JV 

/-Cralactoiiic acici, uictoiit, • * 

/-GalacLomc acid, CuHiaO^ 

IT r\ . . . .. . 


IV 

JV 

XCLiUUJLU 

a-Rhmnnohexoiuc acid. CtHhO,! lactone... 

JV 

IV 

p-lN.lUUIUiUUCA'/li*'- 

Clutaniimc acid, CftH\i(NH,)Ofl - . • 

Oxyglucoiiic acul, CflII ]„07 j- 2 HjO * 


IF 


+ 




16 , Acids with ICinfit A/offi 6 of Oxygen and Derivatives 
Dibasic acids (tetroxyadipic acids) 

</-Sacchario acid, , lactone, ainmomuni-, potass 

salt 

/-Saccharic ucid. C„II,„Oh; potassium salt \ 

/-Saccharic acid, 

Isosaccluinc acid, CJIioOh, dicUivI ester, diaiiude. I 

//-Maunosacchanc acid, C„Hi„Oh, lactone, •• • 

/-Maimosacchauc acid, CtiUiyOKi laotone* . • * Jl’' 

/-Maniiosacchanc acid, Cnnn,U„ 

//-Idosacchanc acid, CiiHiciOm 

Aldosacchanc acul, CuHihOh ••• 

Muci c aoitl , CjjII , „O h - 

Allomucic aoicl, C„nio()rt 

^/-Talomucic acid, C,iHi,iOh 

/-Talomucic acid, CrtHirtOM * 

Monobasic acids (heptouic acids). 

tt-Crlucoheptonic acid, lactone 

/J-Glucoheptouic acid, lactone JV 

flf-Galactosecarboxylic acid, C^HuOn; barium salt IF 

flf-Fructosecarboxylic acid, C^Hi^OhI lactone • • • IV 

{f-Mamioheptonic acid, and lactone IF 


d- 


26 
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W 

W 


/-Mannoheptonic acid, C7Hi40g; lactone ^ 

^-Mannolieptonic acid, C7H14O8 ^ 

Rhamnoheptonic acid, CgHjeOg*, lactone • • . W 

17 , Acids with More Than Eight Oxygen Atoms and 
Derivatives 

Dibasic acids. 

/ 3 -Glucopentoxypixnelic acid, C7H12O0, lactone acid* 

a-Glucopentoxypimelxc acid, C7H12O9 

Monobasic acids 

a-Glucooctonic acid, CgHieOg, lactone W 

i 3 -Glucooctonic acid, CaHjgOfl, lactone W 

Rhamnooctonic acid, CgHigOg , lactone W 

flf-Mannooctonic acid, CgHigOg; lactone * • W 

a-Gliicononomc acid, CgHigOio, mixed with lactone*.. . W 
^-Mannonononic acid, CgHigOio; lactone W 

18 . Oxyaldehydes, Aldoses, Aldehyde Sugars 


+ 


+ 


W 


(a) Pentoses 

/-Arabinose, CgHioOg 

Dematives: Osone, tetracetate (^A), diacetone, 
benzylarabinoside ( W)i 

iS-Arabinochloral, C^HgClgOg W 

Phenylosazone (^A) beginning 


fl?-Arabinose, CgHioOg* 
i-Arabiuose, C5H10O5 . 
Rhamnose, CgHjaOg*. 


W 


W 

A 

W 

A 

W 

W 

W 

A 

W 


Derivatives* Phenylhydrazone, oxime 

Ethyl-, melhylrhaninoside 

Fucose, CgHisOg 

Xylose, CgHjgOg * • .•*•.*. 

Derivatives o-Methylxyloside, 

/ 3 -Methylxyloside, xylochloral, osazone 

Dyxose, CgHioOg 

(b) Hexoses- 

flf-Glucose, CgHiaOg A, W 

Derivatives a-Methyl- and a-ethylglu coside ( IV)^ 
Chloralose alka- 

lies), acetochlorhydrose [CgH,OCl 
(CgHgOa)!], octoacetate, (i?), pent- 
acetate (C), glncoseammonia C VP) 


then 


active; organic compounds 
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Mercaptal (?F), diacetone, phenyl-* 
hydrazone (^), osazone (Aa)^ osoue 
(W)^ oxime dextroseamido- 

guanidine hydrochloride ( W)^ anilide 
and toluidide {A)y anhydroglucose- 

levoglucosan 

/-Glucose, CeHiaOg 

Derivatives: a-Methylglucoside. 


Osazone C . . . . Aa 

x-Glucose, CoHiaOfl IV 

Glucosamine, CoHnOgNHa, salts, IV 

Isoglucosamhie, CoHnOgNPIa salts, IV 

«?-Gulose, CflHiaOfl W 

/-Oulose, CoHiaOfl sirup, W 

*-Gulose, CfiHiaOfl IV 

^/-Mannose, IV 

Derivatives : Oxime - W 

Phenylhydrazone ( W + HCl), osa- 



/-Mannose, CflHiaOn * • - sirup W 

Derivatives: Phenylhydrazone ( + HCl), osa- 


ESKt-^ zone 

{Aa) 

w 

^/-Galactose, C(,HiaO(, IV 

Derivatives: Oxime ( W)j a-methylgalacioside {W), 1 
^-metliylgalactoside ( W borax) >■ 

ethylgalactoside ( W)^ pentacetate ( C) j 

Anilide, toluidide, phenylhydrazone A 
Mercaptal IV 


IV 


w 


? 

/-Galactose, CrtHuOo 

Tnirttfk r u n 

w 

«nrhft«.n P TT O 

w 


w 

r TT n 

JV 


JV 

c) Ileptoses: 

JV 

VTi tv/nc, •••••« •••• 

JV 

*0 1'inir»t<Kii"kliAr\’t'naA TT. .-m... 

JV 

d) Ocioses: 

(^. T”T- vO.. . . . 

JV 

'*’*V3rAUvUv/VWftCj 

flf-Manuooctose, C^HieOa 




— 


+ 

— 

r 

+ 

? 


+ 


r 

H" 



+ 



+ 


r 

+ 

-1- 



f 


1 

r 

-h 

— 

r 

+? 

1 + 1 

r 

-h 

— 

r 

■ + 



■ + 




' + 
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• sirup W 
W 


e) Nonoses 

Glucononose, CoHigOg 

Mauuononose, CgHigOg 

19. Oxyketones^ Ketoses ^ Ketone Sugars. 

fl?-Fructose, leviilose, CgHiaGg * ^ 

Derivatives. Oxime, anilide {A)y osazone {A a) 

pentacetate C 

/-Fructose, CaHiaOa ^ 

Derivative: Osazone 

j-Fructose, a-acrose, QHigOe 

Invert sugar = fl?-glucose (dextrose) + ^/-fructose (levu- 
lose) . . ^ 



20 Dtsaccharides, CiaHagOn. 

Cane sugar W 

Milk sugar ( H- HgO ) • • • • W 
Maltose (+ H2O) • ••• W 

Isomaltose W 

Trehalose (my cose) ( + 2 

HaO) W 

Melebiose W 

Turanose W 

Dupeose W 

Cyclamose W 

Agavose W 

21 Trtsacchartdes^ CigHgaOio 
Meletriose, rafiinose ( + 5 

H2O) 

Melezitose ( + zHgO) •• * 

22. Polysaccharides. 
Gentianose, CgftHeaOai ? • • 

Lactosm, C30H02O31 ? 

Stachyose, ? 

23* Carbohydrates^ (CoHio 06 )« 
Amorphous soluble starch • W 
Crystallized soluble starch, 


W 

W 

. W 
W 
W 


amylodextnne 

... W 

Achrodextrine 

... IV 

Maltodextrme 

... W 

Wood dextrine 

... IV 

Fermentation gum, dextrane W 

y-Galactan 

... IV 

u-Galactau 

... IV 

Glycogen 

... JV 

Fermentation mucin* • • • 

... JV 

Cellulosm 

.... JV 


+ 

H- 

+ 

+ 

+ 

+ 

+ 

H 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


Cellulose (CuO-ammonia, HCl) 

a and j» Amylan W 

Gelose + acids 

Graminm 

Inulin 

Insin 

Devosin 

Levosan 

Siiiistrm 

Triticin 

I^evulin (syiiaiithrose) 

24 Gums 

Arabin, arable acid 

Wood gum, xylan 

Vegetable mucilage • • • 

Wine gum 

25 Pectin Bodies ^ 

26. Alcohols and Acids of Un- 
known Structure 
Quebrachol, •• • C 

Cupreol, “ “ “ A 

Cinchol, “ “ “ C 

Cholestol, CaaHggO A 

Cholesterin, CagH^iO • • • • ■ 
Phytocholestenn, CjaH^iO 
Isocholestenii, “ 

Paracholesterm, “ ** “ • 
Caulostenn, 

Qumovic acid, CagHigOa, 

IC-salt W 

Quinaethonic acid, C14H1HO0 JK 
Atractylic acid, CgoHs^SaOia, 
K-salt 


A 

A 

£ 

C 

C 


+ 





Jvt.Aiv±!, ORGANIC COMPOUSEpS 


27. Terpenes, CjoH,a. 

I. IHnene (Australene +, Terebenthene — ) . . , 

Hydrochlonde, CjoHioHCl ^ 

Hydrobromide, C,|,H,jHBr ^ 

rf-Dibromide, CmHijErj f 

rf-Nitrosochlonde, Cj„H,„NOCl r 

/-Aldehyde, CjoHnO y 

2 Camphene 

/-HydrocMoride, CioH,jHCl ^ 

o- and '^-Camphene phosphomc acids, C,nH,. 

HaPOs- ••• 

3. Penchene 

4 Ltmonene 

Hydrochlonde, C,(,Hi„HCl ! ! 

Tetrabromide, C,oH,„Br, ^ 

a-Nitrosochlonde, C,„Hi„NOCl n 

B- “ “ << .. <. ' 


f 


A 

f 

f 

f 

C 



+ 

rf(-f-) 
d (4-) 


H- 


iS- 

o-Benzoyl nitrosochloride, 

^loHijNOCl C^HjO acetic ether 

rf-^-Benzoyl nitrosochloride, 

CioHjjNOCl CjHjO . . acetic etlier 

a-Nitrolpipendine, C,„H„NO NCr.H,„ 
/S-Nitrolpipendine, C,„H,bNO NC„H,„ . 
a-Nitrolanilide, NO NH C„H, . 

^-Nitrolaiiilide, C,„H„ NO NH.C„Hc 
Nitroso-a-iiitrolanihde. C,„H,„NO.N(NO)C„Hf. C 
Nitroso-/ 3 -nitrolanihde, C„H,5NO N(NO)C,H„’c 
^Nitrolbenzykmine, C,„II,„NO NHC,Hj . ‘ C 
“ hydrochloride and nitrate 

</-I,imoiiene-a-nitrolben7ylannne-</3artrate. . 

, h A 

« c U u 

(. 

“ 4 « 11 

Caivoxmie, Ci„HnNOH, 

froin and / 3 -nitiosocliloiide A 

Benzoylearvoxiaie, C,„HnNO.COC„Hj ... C 

5 f 

Dihydrochloiide, hydrobromide, tetrabio- 

mide, nitrolbenzylaniine q 

6. Phellandrene 


d (+) 
d (-|-) 

(f) 

d (-f) 


I 

I 

d 


A 

Ip+A 
IV + A 


d (-F) 

lrf{.| ) 

) 

/ (4 ) 
( i ) 
I (4 ) 

d ( 4 -) 

! (4 ) 
^(4 ) 
d(- ) 


I ( 
I ( 
I ( 


(- 
I (- 
I (- 
/ (- 

/(- 


4 - 

(4 ) 
(4 ) 
4 - 


I (- 

d{- 
/ ( 

I (- 

I (~ 
I (4 


rf(- 


Nitrite, C,oHi,N,Oa 


7. Isoterpene. 

8. Terpen ene 
^ Dipenteiie. 


55£ 


J 

c 

/ 

f 


+ 

rf( 4 -) 
I ( 4 -) 

4 " 


/ (- 
rf(- 


lISc Lib B'k 

541,7 N02 

III iliiiiiiiiiiiiii 


C=i h' kHf 
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9 Terpinolene and Utrahromide f 

Cadinene, C^Hm (and hydrochloride, bro- 

mide, iodide) 

PatclLouline, 

o- and jS-Amynlene, 

TetraterebentheBe, C4oHe4 

Mentlaene, 

MentlionapbtlieBe, C10H20 

28 Camphors and Dertvahves, 

Menthol^ CwHigOH 

Ideiitbyla-iBine, C10H19NH2 * ‘ 

1 1 liydrocbloride, bromide, 

iodide ^ 

Formyl, acetyl, propionyl, biityryl mentbyl- 


C 

B 

B 

f 

f 

f 

A 

f 


amine , 

/-Mentbylesters of benzoic, succinic and 


+ 

+ 

^(+) 

^C+) 


B 

B 

C 

f 


A 

A 

A 


A 

f 


pUtbalic acids 

/-Mentbylcarbonate, (CioHi9)2C03 

/-Mentbyluretbane,CioHi 90 CO NHg 

Mentho^iBy CioHigO 

Mentboneoxime, CigHig KOH and bydro- 



Iso-Z-mentboneoxime, CjoHisNOH 

Mentbonitnle, Ci,H„CN(/) ! ‘ ^ 

and hydrate C + HgO). / 

Terptneoly C^oHiX OH) ^ 

cajeputol), CjoHiaO J 

^-Borneol (a-campbol), CioHnOH, Borneo- 

camphor +, valerian camphor— 

'Ethylborneol, C10H17OC2H6 

Bornylchlonde, CiqH^CI, bomylamine, 

CioH^NHa 

Bornyl acetate, benzoate, neutral and acid suc- 
cinate, neutral and acid phthalate, carbon- 

gLte * * 

Bornyl phenylurethane s ^ 

Chloral bornylate(CioHwO)(H)C(OH) (CClj) ^ jg 

Bromal bornylate " j j 

/ 3 .Borneol ( | 3 -caniphol) , isocamphol, from d- and ^ 

camphor ^ 

JPinol, sobrerone, CioHi, 0 •••••• ‘ 

Pinol hydrate, sobrerol, CioHigO.H.OJi- •_• • • 
Cam:phor,C^^^riO, laurel camphor +, matnca- ^ 
r ia camphor — , 


(+) 

+ 


(-) 

(-) 

(-) 

I (-) 

I (-) 
I (-) 
I (-) 

I (~) 
I (-) 
/ (-) 


+ 

if (+) 


if C+) 

if (+) 
if (+) 


if (-) 
if C+) 


if (-) 


f (-) 
f (-) 

I (-) 


I C-) 

f (-) 


if (+)lf (— ) 



ACTIVE ORGANIC COMPOUNDS 


Derivatives from d- and Ucamphor * 

Camphoroxime, CmHieNOH A /(-W (~^) 

Camphoroxime hydrochloride, CjoHj^NOH. 

HCl A I r--) 

a-Camphor sulphochloride, CjoHisOSOjCl... T ^ 
Benzalcamphor, CioHj40 C-Hg, benzylcam- 
phor, CioH^O C^H^ A / t--.) 

Denvahves of d-camphor* 

o-Nitrocamphor, CigHigNOg B, A ^ 

Salts * W,A - 

/S-Nitrocamphor, CigHigNOj * A — 

“ “ B - 

a-Chlornitrocamphor, CjoHi^ClONOj A — 

/ 3 - “ A — 

Bromnitrocamphor, CigHi^BrONO^.. _ 

a-Nitrosocamphor, CigHj^O NO B 

a- and i^-Mono- and dichlorcamphor, tnchlor- 

camphor C — 

a- and 'jE#- Bromcamphor, CjoHuBrO A — 

a- and i£#-Chlorbromcaniphor, CigHj^ClBrO, 

lod camphor, CioHjglO C ' 

Camphor sulphonic acid, CiqHisO HSO, .... (C l 
Camphor sulphonamide, CioHigO SOj.NHg.. C 
G-Chlorcamphor sulphonic acid, CioHuCio ; 

HSOs, ir - 

Salts ir> - ’ 

a-Chlorcamphor sulphonchlonde, 

ClO.SOaCl C,A ' - ' 

a-Chlorcamphor sulphonamide, C10H14CIO 

SO2NH2 A - 

a. and jS-Bromcamphor sulphonic acid and { 

salts A I 

o-Bromcamphor sulphonchloride and amide Q A 
Cyancamphor, CjoHigOCN, cyanmethyl, ethyl, ; 

propyl and benzyl camphor B ^ ’r ' 

Methyl camphor, CjoHig OCH3 and ethyl cam- ] 

phor A \ T ' 

Compounds of camphor with chloral, chloral- ! ' 

hydrate and chloral alcoholate A ^ "t 

Compounds of camphor with phenol, a- and jS- \ 

naphthol, resorcinol, salicylic acid A ^ 

Camphinic acid, CioHig02, campholic acid, 


CioHigOs and cyancampholic acid- 


Oxycamphocarbaminic acid, CioHifiO.NH2 1 

COOH A -r ' 

Methyl hydroxycamphocarboxyHc acid, j 

CioHi,Oj CH,.COOH a \ + I 
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Camphoric actds, C10H16O4, d from laurel earn- 

phor, I from matricario camphor A 

Derivahves of d-camphonc acid' 

Camphoric acid salts ( J/ 0 » asters ( /" ) • • • • • 

Camphoryl chloride, 

diamide, ^ 

Camphoryl anhydride, CioHxiO-t di, C 

Isocamphoric acid, CjoHkjO^ ^ 

Esters of the /-acid f 

Isocamphoric acid, anhydride />* 

Camphocarboxyhc acid, CioHieO COOH ► - 

CnHiA ^ 

Camphocarboxylic acid esters and methyl- 

camphocarboxylic acid esteis f 

Oxycamphocaiboxylic acid, ChHihO^, and 

esters 

Cyancamphohe acid, C10H1.yO3.CN> and oxy- 

camphocaibatninic acid 

Camphoroiiic acid, CoH^O,} • * 

Fenchone^ CioHjo 

Fenchyl alcohol (fenchol), CioHnOlI 

Feiichone oxime, Ci,)HioN()II* // 

DeiivaUves of fenchone oxime’ 

Fenchoiie nitrile, CioHyoN - / 

Feiichylaniine, C10H17NH2 

Ben/ylidene feiichylanmie 

Formyl, acetyl, piopionyl, butyryl fen- 

chylaniine 

0 -^ and /»-Oxy- and methoxyben/ylideiie 

fenchylaminc C 

Piile/fonc, CioIItnO * / 

Pulcgone hydtobiomide, CioHioO HBi A 

Pulegone oxime, C,oT-Ii(,NOII, and hydro- 

chloiide -*/ 

Thnjonc^ Tanacvtonc^C^^xf) / 

Carvol, CioHhO / 

Hydrogen sulphide carvol, CioHj^O.HaS • * • • C 

Dihydiocaiveol, CioHihO f 

Dihydroemvone, , CioHioO, /, and diliydro- 

carvoxiiiie, C,„tl,„NOII (?) 

Eucaruoly C,oIIiiO f 


d{ I ) 
I 

I c-i ) 

rf(4) 
«f(-l ) 
( I ) 
rf( 1 ) 

rf( n 

i 

/ ( 1 ) 

./( I ) 

./( i ) 
/ ( I) 
/ ( I ) 


./(I) 

I 


</( I) 
rf( I ) 

Ml) 


/ ( ) r 


d{- ) 


I ( ) 


/ ( 

d{ 
I ( 


d{ 

d{ 

d{ 


d{ 

d{ 


I ( 
I ( 


)'> 

,r 

)l 

)' 


) 

) r 


</( ) ' 


1 Cnrvacrol. 



ACTIVE ORGANIC COMpOrNDS 


S 3 


Ahphdtic Camphors and Terpenes* 
Ltcareol (Anrantiol, lavendol, nerolol, lina- 
lool), [(CH, = C.CHj~CH,— 

CH = CH)(H)C(CH3)(CH,CH2.0H)].,. / 


Conandrol (^flicareol) f — 

J^hodinol {citronellol) - / 

Citralf CxoHjgO y 

lonone^ CjgHgoO f 

Irons, CiaHaoO / 

Cttronellal, ^loHigO f 


29, Ethereal Otis. Essential Otis. 


+ 1 

— 


- and - 

Angelica ' 

Oil 

Asafoetida 

Oil 

Andropogon 

Basil 

(( 

Carrot 

tb. 

Cajeput 

Bergamot 

IC 

Copaiba 

» t, 

Cedarwood 

Betel 


Cubeb 

* b 

, Eucalyptus 

Calamus 

(( 

Curled mint 

i *, 

Fir needle 

Caraway 


Blemi 

t « 

j Sandalwood 

Cardamom 

<( 

Frankincense 

1 » 

Turpentine 

Cascanlla 

(1 

Geranium 

1 4 


Celery 

(1 

Ginger 

t t 

1 

Chamomile 

l( 

Gurjun balsam 

t4 

' 

Chekenleaf 

u 

Hemlock 

i 4 

j 

Coriander 


Hemp 

« ( 

I 

Costus 


Juniper 

*4 

1 

! 

Dill 

< ( 

Kneepine 


; 

Fennel 

(( 

Lavender 


, 

Ivemon 

(( 

Onion 

* 


Lime 


Parsley 

4 ^ 

* 

Mace 

i4 1 

1 Rose 

* * 


Marjoram 

( c 

Rue 


1 

1 

Mandann 

(i 

Silver fir 


t 

Mastic 


Storax 

44 

J 

Muscat 

“ 

Tansy 

44 

1 

Myrtle 

(( 

Thuja 

1 ( 

1 

Orange 

tc 

Thyme 

4 4 

1 

Orange blossom 


Wormseed 



Para-coto bark 

(( 

Ylang-ylang 

fi 4 

1 

Pine needle 

(( 




Poley 

ft 



, 

Savin 

l( 




Sassafras 


! 

' 


j 

Spike 

tt 




Star anise 

(( 

1 


' 


1 From licareol acetate, mellisa oil or citronella oil. 
From rose oil ® Geraniol. 

3 


t 


Oil 
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J^esin A ads 


Dextropimaric acid, C^oH^oOg 

Podocarpic acid, 

a- and /3-Amynii, ChoHsqO 

Sylvie acid, C2oHg()02 

Giiaiacic acid, C 2 oH 2 (j 04 

Klemi acid, CggHgoO^ 

Abietic acid, CigHagO^ 


A 

A 

A 

A 

A 

A 

A 


+ 

H- 


31 Aromatic Amines, 
Diplienylelliylenediainine (NH2) (CaKg) (H) 

C-C(H)(C.H5)(NH,) •• • • • • •••■ 

a-Tetrahydroiiaphthylamine hydrochloride O' 

— ^Tetrahydronaphthylenediani me hydro- 
chloride ^ 


32 Alkaloids 

a Alkaloids, of which Several Optical Modifica- 
tions are ICnown, and Related Bodies 


a-Methylpiperiduie (a-pipecoline), Cr,Hi„NCHg 
/ 3 -Methylpiperidine (jS-pipecoline), CgHioNCH, 

o-Tetrahydroqmnaldiiie, CioH^jN 

ct-Ethylpiperidine, CsH^oNC^Hb • • • • 

a-Propylpiperidine, a-coniue, C5Ki(jNC,H7 

(natiiial conine, -\- ) 

Isoconine from coiiine (?) • • • 

Conhydrine (conydriiie) and pseiidoconhy- 

dnne, CJ-InNO 

Coiiiceine, C„Hif,N(a- /y- and 7 forms in- 
active) ^f-foim 

Coniceiiie, ChHibN e.fonn • • 

Paraconine, C„HnN (ibopiopylpipeiidine) 

a-Isobutyl-pipendine, CgtlioNCjIio 

Ecgoniiie, CgH|gNO,„ hydiocliloride 

Esters of ccgonine 

Cinnam^l-ecgonine methyl estei (C||Ii7 

CgHi-iO CHa NO.,), hydiochlonde 

Beiizoyl-ecgoiiine methyl cstei (cocaine), 
C„H.2,N0, ;• 

Anhydro-eegonine, CglliaNOa fioni 1 and 



Ecgonimc acid, CyIIuNO.,, from ! and 

ecgoiime 

Tropinic acid, ChPIi.|NO,i, from 1 ainl 

ecgoniiie 

Atropine, Ci 7 tI. 2 .jNOj, * 

Hyoscyamine, C17H23NO,, 


/ 

f 

f 

f 

f 

f 

f 

f 

f 

f 

IV 

IV 

w 


c 


\v 

IV 

IV 

A 

A 


+ 

4 - 


+ 

-f 

H- 

4 - 


H 


-I- 

I 

dV\ ) 
^/( I ) 
^/( I ) 
d{ ) 
d{ ) 
d{\) 


r 

r 

r 

r 

7 

r 

r 

r 


I ( ) 
/ ( ) 
/ ( ) 
/ ( ) 
I ( ) 
Mi) 
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Pseudohyoscyamme, Ci7H2sN08 ^ — 

Hyoscine, C17H21NO4 A — 

Tropine, CgHisNOs * A , , 

d Alkaloids, of which Only One Optical Modification is Known 

Nicotine, CioHi4Na / 

Salts W -f 

Sohd Alkaloids 

The direction of rotation is given for the free bases, dissolved in 
alcohol or chloroform, and for the salts dissolved in water. Alkaloids 
which have been found to be inactive are also included. 

Alkaloids of Cinchona Bark 


Paricine, CigHigNgO. | 

Cinchotenine, CigHgoNaOs 
Cinchotenicine , 
Cinchotenidine, “ 

Cinchonine, Ci^HgaNJO 

jS-and 3-Cinchonine, “ 

Benzo^^lcinchonine, “ 
a-Isocmchonine, 1 u 

Cinchomline, > 
jS-Isocinchomne, \ ^ 

Ciiichonigine, / 
Apocittchoniiie , ‘ ‘ 

Diapocmchomne , ‘ ‘ 

Isoapocinchonine, ‘ ‘ 

Apoisocinchonme, “ 

Homocinchonine, ‘ ‘ 

Pseudocinchonine, “ 

Cinchonifine, “ 

Cinchonicine, 

Dicinchomne, 

Cinchonidine “ 

jS- and 7-Ciuchonidine, ‘ ‘ 
Apocinchonidine, “ 

Homocmchonidme, 
Apoquinamme, “ 

Cincholeuponic acid, 

CsHisNO* 


Cupreine, CjgHg^N^Og 


Chitenine, 


Cinchonamine, CjgHgtN^O 
Cinchotine, “ 

Hydrocmchonidine, “ 


a- and ,j8-Oxycinchonine, . . 



Apoquinidine, “ 

Apoquimne, “ 


Qmnamine, CigH^iN^O^ 
Conqumamine, “ 
Quinamicine, ** 
Qumamidine, ‘ ‘ 
Geissospermine, “ 


Qmnidine, CgoHjiNO^... • - 
Quinicine, “ 

Quinine, “ 

Acetyl- and propionylquimne - 
Nitrocamphorquinine ‘ 

Hydroconqmnine, C,*oH_»eNj02l 
Hydroquimcine, ** 
Hydroquimne, 

Chairamine, CjjHggN^O* , 
Conchairamine, ‘‘ , 

Chairamidine, “ 

Conchairamidine, ‘‘ , 

1 

Cusconine, C23H24NJO4 

Concusconine, “ , 

i Ancine, ** 


I Ituse 

! Salt 
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Alkaloids of optum 


Morphine, Ci^HigNOa 

Codeine, CigHgiNOa 

Methocodeine, CigHagNOa-* 
Pseudomorphine, CS4H80N2O6 

Thebaine, C19H21NO3 

Narcotine, CyaHagNO^ 


I^audanosine, C2iH27N04 • • • 

I^audanine, C20H25NO4 

Cryptopine, CaiHagNOg* • • • • 

— Papavenne, C20H21NO4 

— — Narceine, 

^ Pseudonarceine, 


Alkaloids of Strychnos Spedes, 

strychnine, .••• -- Brucine, C^H,„N,0. 

Chlorstrychnine, 

C21H21CIN2O2 


Other Alkaloids. 


Aconine, CagHiiNOji-- 
Aconitine, C83H45NO12 • • • * 
Isoaconitine, napelline, 

CggH^gNOia 

lyycaconitine, Ca^HgiNyOg* • • 

Arginine, CgHi4N402 

Bulbocapnine, CniHgoNaO^ (?) 

Corydaline, CaaH27N04 

Oxyacantbine, CigHjgNOg • •• 

Pelletienne, CgHigNO 

Pilocarpine, C23H34N4O4 • • 

Quebrachme, CyiHagNaGg *• 
Hyoscyamine, CjvHagNOg. •• 
Pseudohyoscyaniine, 

CnHygNOa 

Hyoscine, C17H21NO4 

Aspidospermine, CyaHgoNaOa 
Aspidosperni atine, 

CaaHaBNaOa 

Colchicine, C22H2BNO3 


— Echitamine (Ditaine), 

^2i^*28^2^4 

Hydrastine, CyiHaiNOcj** 

— Imperialine, C33H3(,N04(?) 
Hydronicotiiie, C10H13N2 • 

-j- Pay tine, CaiH24NaO 

Sparteine, CirjHaoNa 

Aribine, C23H20N4 . •• • 

j- Berbeiine, CyoPInNO* . ■ • • 
Chelerythrine, CnHigNO^ 
Cevadine, CflaHigNO,,. * * 
Delphinine, CyaHufiNOg •• 

— Delphinoidine, C4aH3HN207 
Hydrastinine, CnHnNOy . 

— • Melhylhydrastiiie, 

— CyyHygNOg 

— Pipenne, Ci7Hi„N(>, • •• 

Staphisagrine, C.,yHn,NOr, 
Cytisine (Sophonne), 

CuHnNyO 


Apiin, Cj7H320ifl • 
a- and /3-Chinovin, 


33 Ghicosides. 

^ 1+ Helicin, CVI73O7 •••• 
Hespeiidin, CayXLflGia 


CjqHjA (?) + Nanngiii (Anraiitiii), 


Conamyrtin, CgoHggOio * • 
Atnygdalin, C2oHy7NOii 
Conifenn, CigHygOg •• 

Glycovanillin,Ci4HiftOH . • • ■ 
Convallamaxin, C23H44O12 ■ 
Gliicoside from ivy leaves, 

C3aH540ii 


CyiHygOji 

Phloridzili, CyillaiOto • 
Populin, CyoIIajC)^ 

Saliciii, Cj3H|g07 

Tetrabutyrylsaponin , 
Ci„H«oO,o(C4ll70)i- 
TheveLiii, Cr,,IlH40a4 


The synthetic gliicosides and analogous compounds with other 8 
are given under the latter head. 
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34. Btiter Pnnctples {Santonin Group), Colonng-Matters 
and Unclassified Compounds. 


Santonin Group / 


Saatonm, CisHisO, C, A 

a- and ^-Metasantonin, 

ji 

Santonide, CigHj^Oa ... C, A 


Parasantonide,C,BHigO;,. . C 
Metasantomde, CiftHinOg .. C 
San tonous acid (and esters), 


CisHgijO,} 

Isosantonoiis acid (and es- 
ters), CifiHaoOg A 

Disantonous acid 

(^is^ioOjOl’ A 

Santoninic acid (and salts) 

A 

Santonic aci cl (and esters ) , 

^ifi^anOj C 

Santonyl chloride, 

Cir,H,,ACl ri 


H- 


Santonyl bromide, 

CisHiABr 

Santonyl iodide, CibHjoOsI 
Parasantonic acid (and es- 


ters), C]j-,H2()Oj. c 

Metasantouic acid, 

Q 

! nehydiophotosantomc 

acid, C15H20O4 ...» A 

Pliotosan tonic acid, 

CjjjHjaOfi C 


a-Ethylphotosantouate . . . ^ 

/i- “ ** .« ^ 


Isophotosantonic acid, 

A 

Hydrosantonic acid, 




A 


H- 


Other Bodies. 


Echicenn, C3„H„0,.. .<7,^1 .| 
Ecliitin, CajHjjOj.. .. C, E -| 

Ecliitein, C|aH,„0, . ... C, A’ 4 

Ecliiretni, Cj.Hf^Oj .... E ^ 

Euphorbon, C, ,11^,0 c \ 

Eactucenn, Cj„H„ 0 , (?) £ j 

Eactucol, C,,iH.„0. . E -| 


Quiissnn, C,„H„0,„{?) . . <r | 
Ascbotoxin,C,.H|.., 0 ,„(?). C ) 

“ “ fi'', A 

Picioto.xiii, C„H,,05 A - 

Erytlnocentaiirin, C„tHj,0„ A i 
Ostrothm(C„H„0,)„ . A i 
Hematoxylin. ■ A 


35 Bile Aiidt. 


Cholanic acid, Ca„n,,0„... A I 
Cholalic acid (and salts and 

esters), A 

Desoxycholic acid 

Isocholanicacid, Cj|sHa„0,... A 

Debydrocholic acid, C,8H„„0j A ■, 

Bilianic acid, A -| 

Olycocholic acid, Cj„H<„NOe 
and Na salt a \ ^ 


f and ^-Hyo^^lycocliolic acid, 

CsfllANOfi, Na salt A | 

I- «- and ^-Ilyoiflycocliolic acid, 

I Na salt W { 

- Taiirocliolic acid, 

' CjaII^ijNSOy and Na salt. W | 

WthobUicacid, CsoH^Oa... A 





38 


CIvASSIFICATlON OF AQTXVHf bUJib'iAJNCJtvts 


36. Proteid Substances, 


Egg albumin W 

Serum albumin W 

Casein, W{ + HCl orNaOH) 

Serum globulin NaCl sol 

Eactalbumin W 

Glutin W 

Chondnn JV NaOH 

Hemielastin W 

Paralbumin JV + NaOH 

Mycoprotein WJ^+NaOH 


Syutonin PF+HCl 

Propeptone . . » . W 

Protalbumose W 

Beuteroalbumose W 

Heteroalbumose NaCl 

Pibnn peptone W 

Elastin peptone W 

Vegetable peptone W 

P'lbrinbgen W NaCl 


37. Denvahves of Asymmetric Nitrogen, 
Metbyletbylpropylisobutylammonium chloride, N ( CH,,) ( C2H5) 

(C 3 H,)(C,H,)C 1 W 

Compounds of the chloride with PtCl^ and AUCI3 W 

Acetic acid salt of the base W 

Sulphuric acid salt of the base W 

tt-Benzylphenylallylmethyl-^^-camphor sulphonate, CqHs CHa.N 
( C^Hs) (C3H5) CHg.SOgCioHisO W 

Iodide, C,H5 CHj-N(C,H 5){C,H3'I(CH,)I j acetone + 

acetic ether 

Bromide, C6H3.CH2--N(CoH5)(C3H5){CH3)Br A 


+ 

+ 

+ 


38 Derivatives of Asymmetric Sulphur, 


fl?“Methylethylthetine af-camplior sulphonate W 

fl?-Methylethylthetine i/-brom camphor sulphonate 

rf-Methylethylthetine platmichlonde * W 


+ 

-f 

-f 


AwS the table shows, a great many active bodies are kno^ 
and mainly from the animal or vegetable organism, wh 
have been found only in the one form, either right or 1 
rotating. On the other hand, of the synthetically prepa 
active bodies, the constitution of which has been establish 
the greater number are already known in the two active mo 
fications, and also in the racemic form An enumeration 
'the substances given in the tables shows this result : 


Right rotating only 286 \ 

heft rotating only 237 > 625 

Right and left rotating 102 i 

Racemic forms 73 


If the salts and esters of the active acids and bases, wh 
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were not incltided, be counted in, the number of active bodies 
known at the present time [1898] will be over 700. At the 
time of the appearance of the first edition of this book, 1879, 
the number was about 300.^ 

On the relation of crystalline form to direction of rotation of 
bodies of these groups consult § 12. 


III. NATURE OE JHE ROTATING POWER 

9. Distinction between Crystal Rotation and Liquid Rotation — 
Rotation of Vapors—Molecular Rotation. — ^The fact that bodies of 
the first class exhibit rotating power in the cx-ystallhie con- 
dition only, and lose this power completely when brought into 
solution, shows that the cause of the rotation must depend on 
the crystalline structure; that is, on a definite arrangement of 
molecular groups (crystal molecules) . In fusing or dissolving 
the body, this ivS destroyed, and the optical activity disappears. 
The phenomenon is here, therefore, a purely physical one. 

Substances of the second and third classCvS, on the contrary, 
rotate in the liquid condition It is probably true of bodies in 
this condition that the .smallest amount of substance acting as 
a unit, does not consist in single chemical molecules, but in 
molecular aggregations. There are grounds for believing that, 
at least in concentrated solutions of a solid body in a liquid, 
the solid is not completely separated into single molecules or 
further into its ions, but that molecular groups or aggi'egations 
exist If then, a liquid is found to possess rotating jxwer it is 
conceivable that the ox'igin of this, as in the case of ciyslals, 
should be found in a definite vStructure of these molecular 
groups. Ill this event, the phenomenon would fall in the field 

of physiCvS. 

If the caUvSe just .suggested is sufficient, it follows that the 
rotating power of an active substance must disappear as soon as 
the same is decomposed into .single molecules ; that is, as soon 
as it IS brought into the condition of a true vapor. This import- ^ 
ant experiment was undertaken first by Biot^ in the year 1817. 
He allowed turpentine vapor to pass through a metallic tube 

' Since tlic above was written nearly loo new active compomida, mainly eateis 
and complex stibstitutiou products, have been added to the Hat. Ti. (J900). 

3 Biot : Mem. de PAcad., 3, 1x4. 



30 meters in length, and closed at both ends with glass pla 
and observed that it possessed the power to produce rotatioi 
the polarized ray Exact measurements could not be mad< 
the vapor suddenly became inflamed and destroyed 
apparatus. It was not until 1864 the experiment 
repeated, and by Gernez,^ who, by the aid of excellent ins 
ments, determined the rotation of a number of active liqi 
with increasing temperature and finally in the state of va] 
The substances tested were sweet orange oil (=f), bi 
orangje oil (+), turpentine oil ( — ), and camphor (+) 
all cases the specific rotation, [of] (that is the rotation 
culated for unit density and unit length of active lay 
, decreased with increase of temperature, and finally when 
vapor was examined it was found that the specific rotation 
decreased to an extent, corresponding to the increase 
temperature. In illustration of this, the following num 
obtained from oil of turpentine and camphor are given 


state of aggregation Tempera 
ture 


Density 
referred to 
water 
d 


Observed 
angle of 
rotation 
a 


rength of the 
observation ™ 
tubes in deci- 
meters I 


I^iquid . - . 
Vapor. . 


Turpentine oil (left rotating) 



0 8712 

15 97° 

0 5018 


0 7996 

1447=' 

0 50215 

U54’- 

0 7505 

13 50° 

0.50237 

168® 

0 003987 1 

1 576= 

40 61 


Observed vapor density at 168® = 4 9S1 
Theoretical vapor density. • * • = 4 700. 


Camphor (right rotating) 


Fused 


204® 

0 812 

31 46° 

0 5509 

Vapor . . . . 



220® 

0.003843 

10.98® 

4063 


Observed vapor density at 220° = 5 369. 
Theoretical vapor density .... =• 5.252 


The density of the vapor at the temperature of the ex 
ments, is, as is readily seen, very nearly the same as the t 
retical density, and it follows from this that single molec 
mainly, and not molecular aggregations, must have acte< 
the polaiized ray.*** As, moreover, the specific rotJ 

1 Gerne? Ann sclent, de I’Ucole norm sup , i, i 

a Ph A Guye and P. do Amaral have recently observed (Arch sc ph 
Geneve [3], 33, 409, 513 , Wied Beibl. 1895, 792, 894) agieement In the specific rc 



remains undiminished^ the optical activity must be a property 
inherent in the molecule a 7 id must have its origt^i 271 the arrange- 
ment of the atoms hi the sa 7 n€. The pheno 7 ne 7 ion^ therefore^ 
belongs hi the dotnam of chemistry. 

The optical activity of crystals on the one hand, and of 
liquids on the other, are, accordingly, two quite distinct 
phenomena, and to indicate that the latter residCvS in the 
individual molecule, Biot gave to it the name 7 nolecular 
7 vtation. 

But this term has already been ai^plied, as mentioned in § 3, 
to the product of the specific lotation by the molecular weight ; 

M 

that is, the quantity [M] — [rr] To avoid confusion it 

may be better in the latter case to use with the term, molecular 
rotation, the symbol [M] 

10. The Optical Theory of Circular Polarization in Quartz was first 
enunciated by Fresnel/ This theory ahsumes that parallel 
to the principal axis in quartz a peculiar kind of double 
refraction takes place, and of such 'a character that a linearly 
polarized entering ray is decomposed into two rays which 
move forward 111 helical paths, one being inclined toward the 
left and the other toward the right On leaving the crystal 
these circularly polarized rays unite to ionn again a linearly 
polarized ray, but if they had moved through the crystal 
medium with unequal velocities, it would tollow that the new 
plane of oscillation would be different from that of the enter- 
ing ray It would be turned in the clock-hand direction, that 
IS, to the idglit, when the polari/ed ray deviated 111 the same 
direction moved with a greater velocity than the other, and 
vice ve 7 ‘sa The existence of these two rays 111 quartz was first 
shown exiDermientally by Fresnel, and later by Stefan,® and 
also by Dove,® who found that they are absorbed hy colored 
quartz (amethyst) in unequal proportions. The theory of 

of a number of amyl detivutives in tlie liquid and vapot condillon. An exception 
noted that valeraldeliyde ns vapor, rotates only about half as much ns it does as a 
liquid may be accounted for by the chemical change or incemiratioii which takes 
place by change of temperature in this substance. 

1 I^resuel ; Ann chim. phys [ij, 98, 147 

8 Stefan Pogg. Ann,, 134, 623. 

3 Dove: Pogg. Alin,, no, 384. 



circular polarization has received a very full mathematicj 
treatment at the hands of many physicists, and for th 
reference must be made to other works.^ 

In regard to the structure, which a crystalline medium mui 
have m order that it may effect a rotation of the plane < 
polarization, the theory assumes an uneven condensation < 
the ether around the molecules of the body, and to such a 
extent that this can not be considered as infinitesimally sma 
as compared with the wave length of the transmitted ligh 
This naturally depends on a definite molecular structure of tt 
substance. The connection of direction of rotation in acth 
crystals with the existence of right or left hemihedral plan< 
has led to the hypothesis, that in these crystals the particle 
are arranged with reference to each other jn the form of 
right- or left-handed screw (spiral stair form). This vie 
expressed by Pasteur,^ Rammelsberg,® and others, has receiv< 
a great degree of probability through an experiment first trie 
by Reusch,* and later followed up by Sohncke ® If a nuinb< 
of thin plates of optically biaxial mica (12 to 36) are soplace< 
one on top of the other, that the principal axis of each 01 
makes always the same angle (45°, 60°, 90° or 120°) wit 
the preceding one, a column is produced which, like an actn 
crystal, has the power of rotating the plane of traiisniitte 
polarized light, and either to the right or left as opposed to tl 
direction of the twist in the column of plates. The optic; 
behavior of such mica combinations® has been thoroiighl 
studied by Sohncke who found that by sufficiently diminisliiii 
the thickness of the mica plates, a combination i.s .securec 
the rotating power of which follows exactly the laws that hoi 
for active crystals , that is, the amount of rotation is pn 
portional to the length of the column, and nearly proportiom 
inversely to the square of the wave length.’^ Based on a theor 
of crystal structure developed by himself, Sohncke has furthe 

1 See Winkelmann “Haiidbiich d Pliysik,** Breslau, 1894, Vol 11 , part i, jm/ 
784 , Ketteler “Theoretisclie Optik Braunschweig, 1885 ; Verdet* “Ive90ii8 iVOptitp 
physique " ^ 

- Pasteur Consult § 12 
3 Rainmelsherg Ber d, cheni Ges , a, 31 
* Reusch Pogg, Ann , 138, 628 
5 Sohncke Ibzd , Supplement, 8, 16. 

« These columns may be obtained from Steeg and Reuter in Homburg. 

T n Sohncke “Theory of Crystal Structure “ I#eipzig, 1879 





shown^ that not only in the trapezohedral-tetartohedral group 
of the hexagonal system, but also in others of the hexagonal 
and of the tetragonal and regular systems, a certain spiral- 
stair arrangement of the crystal particles can exist which is 
accompanied by rotation of the plane of polarization ( See § 5 ) . 
By means of mica plates of different thicknesses, arranged one 
upon the other with the axes inclined at different angles, it is 
possible to imitate the right- and left-handed forms of such 
active structures. A conception very similar to that of 
Sohncke, as to the cause of crystal rotation has been developed 
by Mallard f Wyrouboff also assumes the building up of 
layers of biaxial plates.® 

II. Optical Constitution of Active Liquid Substances. — For a given 
thickness of layer, active liquids possess the same rotating 
power in all directions ; they exhibit, therefore, the same 
behavior observed in active regular crystals The property 
of circular double refraction is inherent in the latter, and if 
the analogy with active liquids is complete, the same property 
should be expected m these also. This question was definitely 
decided, after Dove' in i860 had made some unsuc- 
cessful experiments, by E. v. Fleischf’m 1884, and 
according to the method of Fresnel, who determined 
the double refraction of quartz in the direction of its 
principal axis by the aid of a combination of right- 
and left-rotating quartz prisms ® The apparatus 
used by v. Fleischl consisted of a glass trough in the 
shape of a parallelopipedon, 543 mm long, and 20 
mm. wide, open above, and divided by means of 
glass plates .set diagonally into 20 hollow prisms, 
with refractive angles of 120°, and two end prisms 
with angles of 60®. Fig. 3 gives a shortened illus- 
tration of the arrangement. The 22 compartments 
were filled alternately with right- and left-rotating 

1 ZtHclir. flir Krystallbff , ip, 529 ; 13, 214 ; 14, 426 
a Traitd de Cilstallof?, a, 313 (1884). 

8 Wyrouboff* Ann, chim. pliys [ 6 ], 8 , 3401 Jo'w tic Physik [2], 5, 258 (1886) ; 
Bull Soc. Miu., 13, 215 (1890). 

^ Dove • Pogg. Ann,, no, 290, 

n V, Pleisclil Wiener Sitzuugsber., 90, 11, 478 (i88/|), also Wied Ann., a4, X37, 

0 See the text-books of physics. 




substances, wbicli , by proper dilution had been brought to possess 
exactly the same refractive indices. In a first series of experi- 
ments, solutions of saccharose and levulose were used, and in a 
second seriest right orange-peel oil and left turpentine oil. 
When now a ray of light from a very fine opening (pin-hole) 
was passed through this system of prisms and examined by a 
reading telescope, two bright spots instead of one, were seen 
at the other end. If now the decomposition of the original 
light (ordinary or plane polarized) had followed as in the 
Fresnel experiment, the two emerging rays must be found 
circularly polarized, and in opposite directions. It was, in 
fact, shown by a well known method, employing a quarter wave 
length mica plate and rotating nicol, that the two rays had 
been transformed into two linear polarized rays with planes a1 
right angles to each other. In two positions of the nicol, 90^ 
apart, first one and then the other of the bright spots dis 
appeared. 

It is therefore apparent, through these experiments, that th€ 
optical cause of activity, that is to say, the manner of th€ 
wave motion of the ether, must be the same for liquids as foi 
isotropic crystals. In all directions in both media, two wave.^ 
are propagated, which are circularly polarized in opposite 
directions, and which move forward with unequal velocities 
It has been mentioned that in such crystals this peculiarity n 
found, that they possess neither a plane of symmetry nor a 
center of symmetry, and further that they are found in enaii- 
tiomorphic forms of which the one turns the plane of polari- 
zation to the right, and the other to the left. The same is to 
be assumed concerning active liquids, and as here the seat of 
the activity is found in the single molecules, it follows finally 
that an asymmetric structure must be assigned to the latter 
themselves. 

This conception had been already reached in another way, 
and through the investigations of Pasteur carried out in 1848, 
which led to the following conclusions : 

12. Investigations of Pasteur. Molecular As3nnmetry.— As Biot 
and Seebeck^ recognized in 1815, common tartaric acid rotates 

1 Biot and Seebeck Bull Soc Philom,, 1815, 190 
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to the right, and in 1842 it was further observed by Mitscher- 
lich^ that racemic acid, isomeric with tartaric, is inactive. Pas- 
teur'^ found next, that from a solution of racemic acid, rhom- 
bic-hemihedral crystals of a double salt having the composition, 
NH4NaC^H^0e.4Hj,0, similar to the tartrate, could be obtained 
by slow concentration at a low temperature. But these 
crystals are not all identical in crystalline form, for two 
different structures may be easily recognized. Often the 
crystals appear developed as illustrated in Figs. 4 and 5, and 
in this case the differences may be easily recognized even by 




one not specially trained in crystallography If the crystals 
are so placed that the two narrow surfaces, q and are 
turned toward the observer, it will be seen on .some individuals 
that the small surface, o\ is to the right of qand q^ (Fig. 4), 
and on others, it will appear that thivS surface is to the left of 
q and q‘^ (Fig. 5). There is exhibited here as in the case of 
quartz, the phenomenon of enantiomorpliisni, or “non- 
superposable heinihedry,” as it was called by Pasteur; one 
crystal figure is the mirror image of the. other, and cannot be 
covered by it. 

When Pasteur* had separated these two kinds of cryvStals 

1 Mitscherlich Moimtsber. clei. Beil Akacl., 1842, 

a Pasteui * Ann. chiiii phys. [3], 34, 443; Compt. rend, atf, 535; 517, 367, ^01, 
(1848) ; ap, 297 (1849) ; Ann chim, phys, [3] a8, 56 (1850) 1 Compt rend. 31, 480 (1850) ; 
33, 217, 549 (1851) ; Ann chim. pliyfl. [3], 3«» 67 (1851) • 

•I Crystals with the same surfaces may appear also in forms, other than those 
shown , in such a case, measurements of angles are necessary to distinguish one kind 
from the other 

* An explanation of the manner in which he was led to his discovery is given by 
Pasteur in his ** Recherches sur la dissym6trie mol^culaire des produiis organiques 
naturels,’* Soc, chim. de Paris. X.e9ons de chimie profess^es in x88o. Paris z86i. See 
Alemhlc Club Reprint, No, 14. 
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median ically, he found tliat tliose witli tli€ surface, o , to tl 
right of q and q", when dissolved in water and examined in tl 
polariscope, exhibited a right-hand rotation, while those wil 
o' to the left showed a left-hand rotation. From the tv 
crystallographically different sodium-ammonium salts 1 
obtained, on the one hand, dextro-, and on the other, lev 
tartaric acid, and by mixing equal parts of these in aqueoi 
solution he obtained an inactive liquid which, on evaporatio 
furnished crystals of racemic acid. Analogous relations we 
later found among many other active carbon compounds. 

In this way, it was for the first time shown that an acti 
substance may exist in two forms, right rotating and le 
rotating, the rotating power being under like conditions t 
same. From the observations, it was further apparent tb 
the opposite asymmetric characteristics which the two kinds 
crystals of sodium-ammonium tartrate possess belong to th< 
molecules also, inasmuch as after solution in water they she 
right and left rotation. This led Pasteur to the view th 
the invidual molecules, as all other material objects, in respe 
to their forms and repetition of identical parts, fall natural 
into two classes . i Those which are superposable on the 
mirror images (as a straight-stair, a cube) ; 2 Those, who 
mirror images can not be covered by the originals and whn 
may appear in two oppositely constructed (enantioniorphi 
forms (spiral-stair, irregular tetrahedron, right and left scre^ 
right and left hand). Molecules of the first class pos.sess 
symmetrical structure ; in the second the atoms a 
asymmetrically ordered, and these should show optic 
activity. Ip relation to racemic acid, and the two tartai 
acids Pasteur' remarked . ‘ ‘ Are the atoms of the right ac 
grouped in the form of a dextrogyrate helix, or do they stai 
at the corners of an irregular tetrahedron, or are they found t 
ranged in some other asymmetric form ? We are not able to a 
swer these questions. But of this there can be no doubt. That j 
asymmetric arrangement of the atoms must exist in such 
manner as would furnish a non-superposable image It is jn 
as certain that the atoms of the left acid are arranged in 
manner exactly the reverse of those in the right, and final 

1 Recherches sur la dissyinfitne luolectilaire, " Alembic Club Reprint, p 24, 
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we know that racemic acid results from the combination of 
these two inversely asymmetric atomic groups ’ * 

Through these considerations, Pasteur introduced a new 
conception, that of molecular asynifnetry, into the science. 
Before, however, this could bear fruit, a much wider develop- 
ment of organic chemistry was necessary, and only after the 
constitutional formulas of a large number of carbon compounds 
had been determined, was it found possible to trace a con- 
nection between the atomic structure of molecules and their 
optical activity/ 


IV. RELATIOI^S BETWEEN ROTATING POWER AND CHEMICAL 
CONSTITUTION OF CARBON COMPOUNDS 

13. Van’t Hoff-LeBel Theory, — One of the most important 
advances in our knowledge of optical rotation was made in 
1874, when J. H. van 't Hoff,'* then in Utrecht, and a few weeks 
later J A LeBel,*^ in Pans, furnished the proof that optical 
activity has a definite connection with the structure of carbon 
compounds The fundamental conception founded on this 
notion, to which van’t Hoff was led through the assumption 
of a tetrahedral arrangement of the atoms, Le Bel, on the 

^ All essentially clifferent hypothesis to necomit foi the activity of Iniuids ns well 
as crystals, which is based on the assumption ol the rotation of the molecules, has been 
proposed by f-ock (Bei d cliem Ocs,a4, loj) WyioubolT (Ann clitni phys t 7 ji 
i» 5 t Cheiu Ceiitrbl , i, 260 (ih^w)) has sought to show that the lotntion ol ciyslalliiie 
organic substances 111 solution bems lelntion to the ciystullmc stiucluie, and is not 
merely dependent on the nature of tlu cheniicul molecule 

2 First published in the piipei Voorstel tot uitbreiding dei tegenwooidig 111 de 
scheikuude gebuiikte stuictui-fonmiles in de lulintc , beiievens en dnaimeC snineii- 
hangende opmerking onitieiit het veihaiid tiwschen optiHch nettef \eniiogeii eii 
cheniische coiistitutie van organische verblndiiigeii, Utiecht, 1H7.1 At the end the imper 
IS signed Septembei Si i^’ 74 i J H vaii't liolT An abatiaci fioin this iiiUcle 
appeared in 1H75 in Hull feoc. Chun [2], 23, 29«i Then followed • 1 ba chiiiiio dans 
I'espace, pai J. Ib van’t Hoff, Rotterdam, 1H75; a. Uie bttffeiuiig der Atome im 
Raiiin, a Oei man translation of the last by Pi F ilermanu, Hiauiiscliwcig 1H77 , 3, 
Divannfies dans I’liistoire d’uiie thcoiie, pai J H van’t Hoff, Rotterdaiu 1HH7 , 4, 
Stereoclumte, by W Meyerhofer, a Cieiinan edition, csHcntinUy of the Dix aun6eH, 
etc , beipKig and Vienna, 1892 , 5 Die bageiung dei Atome hn Raiim, von J, II. van ’t 
Hoff, and. ed„ Biaunschweig, 1S94. 

“ be Bel • First paper * Sur les relations cpii existent eiilrc Ics forniules utomlquea 
des corps organicpies et le pouvoii rotatoire de leurs dissolutions, Bull, vSoc. Chim,, 
[2] as, 337 i November number, 1874. Then following papers: Bull, Hoc. Cliim. [aj, 
23, 338 (1875) 1 a 5 » 546 (1876) ; 27, 444 (1H77) { 33, jo6 (1880) ; 37, 300 {1883J ; [3I, 7, 164 ; 
8, 613 (1892) , Compt. rend , 89, $12 (1879) ; p2, 843 (1H81) ; no, 144 (1890) ; iia, 734 
(1891) ; U 4 » 304 i 417 
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contrary, through Pasteur’s idea of molecular dissymmeti 
found gradually decided confirmation through experimei 
and, as is well known, the later developments of the theoi 
especially the views advanced by van ’t Hoff on the arrang 
ment of the atoms in space, have created a new epoch in t 
science, that of stereochemistry. 

In this book we are concerned only with those portions 
the van*t Hoff-LeBel theory which are directly connect 
with optical activity, and these will be but briefly discussed 
they are found explained in all text-books of stereochemist 
and organic chemistry. 

The fundamental points in the theory are as follows : 

I. Consider, in a compound of the type, CR^, the carb 
atom situated in the center, and the four elements or grou 
joined to it situated at the corners of a tetrahedron, then 
case the four groups are all different, the resulting so 
formula CCRiRgRaR^) will possess no plane of symmetry, a 
must exist in two non-superposable forms of which one is t 
mirror image of the other According to this view, every bo 
whose structural formula possesses a so-called asymmet 
carbon atom, that is, one which is combined with four diff 
ent atoms or groups, must be optically active and app( 
in a right- and left-rotating form of equal rotating pow' 
Experience has shown further that equal weights of t 
two modifications can unite to form an inactive compound 
mixture (racemic body) which by various means can be sf 
up into the active components 

Asymmetric carbon atoms (*C) can appear in all din 
methane derivatives, and chain structure molecules ; in benze 
derivatives they can exist only in the side chains, but 
hydrated cyclic compounds also in the nucleus. Examp 
are found in the list of active substances given in § 8 ; a f 
other cases may be referred to here, from which it will be S€ 
that of the four radicals, two may be combined between the 
selves (propylene oxide), or one of the same with t 
different asymmetric carbon atoms (phenoxacrylic acid 
further, that the asymmetry of a carbon atom may depend 
remotely situated groups, and not necessarily on those imi 
diately connected (limonene, menthene) • 
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Propylene oxide 
CH,v .0 


,><Qh. 


Phenoxacrylic acid 
CoHfiv /CO,H 

yc— *c< 

H/ 


Limoiiene. 

Meiitliene. 

C 

1 

Hv^CHg 

»CH 


/\ 


HjC CHj 

HjC CHj 

HC CHj 

H.J CH 

Y 

Y 

1 

CH, 

1 

C„H, 


2. In substances 
atoms and whose 


which contain two asymmetric carbon 
molecules, like that of tartaric acid, 
COaH — 'l^CHOH — *CHOH — COaH, are built up of two similar 
halves, there must be, according as these halves show the same 
or opposite rotations, besides the right- and left-rotating forms, 
a third inactive form depending on this intramolecular com- 
pensation, and which cannot be resolved into active com- 
ponents. Such an inactive form is not possible when the half 
molecules are dissimilarly constructed, but in this case, four 
active isomers may be expected, each two possessing equally 
strong, but oppositely directed rotations. If a compound con- 
tains several asymmetric carbon atoms, by addition or sub- 
traction of the effects of the single groups, a large number of 
unequally strong active modifications may result, two of which 
again in each case belong together as antipodes, and finally 
the existence of some definite number of inactive compensation 
forms may also be expected 

In all such cases, consideration will show how many of 
these optical isomers must exist when the structural formula 
of the substance is known. The method of making such a 
coniF>utation will be shown in the iiesjt chapter on Optical 
Modifications. 

With the ethylene derivatives having four different radicals, 
R,RaC=CR„R^, the four groups must He in one plane if we 
consider the carbon atoms united by an edge of the tetra- 
hedrons containing them, and no asymmetry is possible. In 
fact, all ethylene derivatives have been found to be inactive,^ 

' I<e Bel (Bull. Soc Chim. [3], $, 613) had considered optical activity possible in 
unsatuiated compounds, and Perkin (Jour. Chciu. Soc., 53, 695) believed be found 
this in chlorfumaric and chlonnaleic acids, COijH— CC1«CH— COgH. Walden, how- 
ever, showed the error in these observations (Ber, d. chem. Oes,, aif axo). 

4 
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even when made from active compounds, as for exam 
fumanc and maleic acids from malic acid, bromciunn 
acid, CgHg— CBr=CHC03H, from the dibrom 

CgHg — CHBr — CHBr.COjH, and others I/ikewise, nous 
metry is possible when in bodies of the type, R,Rj,C=CI 
an even number of doubly linked carbon atoms is iiitrodiu 
But, on the other hand, as van *t Hoff remarked/ asymim 
and optical activity appear if the number of added car 
atoms is uneven, inasmuch as the four radicals then st 
crossed, as is the case in the tetrahedron, The simp 
bodies of this kind would be the propadiene (allene) der 
tives ; observations on such substances are wanting as yet. 

As van 't Hoff pointed out," cyclic compounds present 
tain definite conditions of asymmetry, and to begin with, 
have the derivatives of tri- and tetramethylene, but ac 
bodies belonging here are not yet known. But many s 
appear in the six member rings, that is in the di-, tri- 
hexa-hydrated benzene derivatives. Among the last inosi, 

/CH OH— CH.OHv 
CH oh/ \ch oh, 

^CH.OH— CH OtK 

offers an example in which the existence of asyininc 
carbon is not apparent from the formula, and in which 
asymmetry and the mirror image form appear onl> when 
position of the H and OH above and below the jilancol 
carbon ring, that is to say, the cis and b'lxnii ivsonierisni, is tal 
into consideration; anything further concerning this bdoi 
m the field of stereochemistry. Benzene derivatives which 
not h3^drides can hold asymmetric carbon atoms in tlic s 
chains. 

Confirmation of the van’t Hoff-XeBd tlieory has ro 
gradually j and in many different ways. It has l)cen foil 
that without exception, activity is connected with tlie m 
ence of asymmetric carbon, and that in bodies in which Ihiv 
lacing rotating power is not found. For a luimhei of b„d 
class, such as N-propyl alcohol, styrol, Ajiicoli 
and others, m which activity was claimed, it was found tl 

* ‘’P' '■’* 

» SeeBouv«„lt Bull Soo. Chm. [3], „, 144 (,894). 
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this assertion was an error. Through direct experiments, the 
appearance or disappearance of optical activity by formation 
or destruction of asymmetric carbon atoms was further shown. 
Le Bel first proved this by the conversion of active amyl 
'iodide, into inactive methyldiethyl 

methane, CHa.C.H.CaHg.CaHg*^ Then Jitsf obtained from the 
same amyl iodide, by action of zinc and hydrochloric acid 
inactive dimethyletliyl methane, (CHJa.C^Hg.C.H, but by 
action of ethyl iodide and sodium he obtained active niethyl- 
ethylpropyl methane, CH^CgHg-CaH, *C.H ; also, by heating 
with sodium, active dianiyl, 

C,H,.CHa H/f'C — CHa— CH,.— ^‘C.H.CH«.C,H5 
Further, it was shown that for the existence of optical activity 
the nature of the four radicals combined with the asymmetric 
carbon atom i.s a matter of no consequence. It was formerly 
observed that the introduction of a halogen led often to a dis- 
appearance of activity ; thus from left-rotating malic acid, 
inactive bromsuccinic acid (Kekul6),’' from left- 
rotating mandelic acid, inactive phenylbroinacetic acid, 
CgHg *CHBr.COjH ( Ea&tei field and from rtf- and /-isopropyl- 
phenylglycolic acid, inactive isopropylphenylcliloracetic acid, 
(C,H, CaH,)(H)^JC(Cl)(CO,,H),(Fileti),‘’‘were obtained As 
was later found, the cause of the inactivity of these products 
lay in the fact that racemic forms were produced by reason of 
the high reaction temperature. By keeping this as low as 
possible, these halogen bodies were obtained in rotating con- 
dition. This was shown particularly by Walden, who prepared 
an active chlorsuccinic acid from malic acid by action of phos- 
phorus pentachloridc with addition of chloioform, and later 
from sarcolactic acid, ethyl tartrate, and mandelic acid, a large 
number of chlorine and bromine derivatives, such as methyl 
chlorpropioiiate, ethyl brommalale, phenylchloracetic acid, 
and others which all possessed optical activity.® Finally, the 

1 EeBel Bull. Boc Chxm fa], asi 54 ^> (iW* 

2 Just : Ann. Cheni (Tyiebiff), aao, 146 C1H83). 

•i ICekul^ ‘ Aim. Cliem. (lyiehig), 130, 35 (1864). 

* Eftsterlield Jour Cheiu. Soc., 5p, 75 (1891), 

« Pilehj Gazz Cliim., sa, II, 405; J. prakt Chem. [a], 4^, 56a 

0 Walden ; Ber d. cliem. Ges., ad, 3x4 (1893). See further lit Bel . Bull. Soc. 
Chmi., p, 674 (1893) and Ber. cl. cliem Ge,s,, aS, 1933 (189s) j also Walden : Ber. d. 
chem. Ges , a8, 3766. 
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fact was fully explained why many bodies exist which coni 
asymmetric carbon atoms, but are nevertheless inactive, 
some cases it was shown that they are racemic forms, inasm 
as they are resolvable into active compounds ; in other cai 
as mesotartanc acid, dulcitol, and mucic acid, they contain 
similarly constituted halves, and the inactivity follows ft 
the opposite rotating power of these. In a third grouf 
asymmetric substances it was found that they possess a v 
weak rotating power, and in order to recognize this, eitln 
very long column must be taken, or, as in the case of manni 
some indifferent substance (boric acid) must be added 
increase it It appears therefore, that in all cases the vi' 
of van ’t Hoff and I^e Bel are found to agree with experiei 
and that when apparently a contradiction was found ( limonen 
later investigations removed this The doctrine of as: 
metric carbon atoms may be looked upon as one of the 1 
established of chemical theories 

^14. Asymmetric Nitrogen and Sulphur. — Compounds of ti 
^ nitrogen with radicals different from each other appear alw 
to be inactive , attempts to split up the tartaric acid salt 
ethylbenzylamine (Kraft), benzyl hydroxylamiiie (Belin 
and Konig),’* methyl aniline, tetrahydroquinohiie, and tei 
hydropyridine (hadenburg)/ have led to no result. 

On the other hand, an active compound of pentaval 
nitrogen , isobutylpropylmethylethylammonuim chloride 
been obtained The inactive salt directly obtained a 
split up by Le Bel® by aid of the fungus culture method, i 
a left-rotating chloride ( — 7® to 8°) was obtain 
which was further converted into active chlorplatinate, ch] 
mercurate, and acetate The chloraurate, rotating very fee 
to the left, became dextrorotatory after addition of hycl 
chloric acid. The sulphate was found to be inactive. 

More recently another active compound of pentaval 
nitrogen has been produced. Wedekind” attempted to reso 

1 von Baeyer Ber. c[ cliem.GeM , ay, ^36, Tienmiin anti >Semiiik*i , a8, 

2 Kraft , Ber d, cliem. Gcb , 33, 2780 (1890). 

« Belirend and Kdiiiflf : Ann. Clicm (lyiebig), ad3t 184 (1H91). 

^i^adenburg Ber d cliem. Gea., a6, 864 (1893) 

0 lyCBel Coiiipt rend,, iia, 724 (1891). 

0 Wedekind 1 Ber. d. cliem. Ges , 3a, 517. 
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<a'-benzylphenylallylmethylammoiiium hydroxide by com- 
bination with tartaric and camphoric acids, but without 
success. Pope and Peachey, however, by using the much 
stronger dextrocamphor sulphonic acid, which they have 
applied in several other cases, succeeded in effecting a perfect 
resolution.^ 

They mixed the iodide of or-benzylphenylallylniethyl- 
ammonium with the silver salt of dextrocamphor sulphonic 
acid in molecular proportion, and boiled in a mixture of 
acetone and ethyl acetate. After separating silver iodide by 
filtration, the liquid left deposited, on cooling, a crystalline 
mass of the dextro- and levo-benzylphenylallylniethyl- 
aminonium dextrocamphor sulphonates This was crystallized 

from acetone, the less soluble dextro constituent being 
readily obtained in colorless plates melting at 170°, and giving 
[(x\p = + 44 4° the /-.salt separated from the mother- 

liquors in less pure form, the rotation [ar]y, ~ 18.6° was 
found. By double decomposition of the camphor sulphonates, 
CH,.N(CJi,) (CA)(CH,,).S 0 ,.C,,H,, 0 , 
the authors obtained the d- and /-iodides and bromides, 
C„H, CH, N(C«HJ(C,H,)(CH,,)I, or Br 

In recent years many attempts have been made to resolve 
asymmetric racemic sulphur compounds, ljut for a lime with- 
out success See for example the work of Aschan." 

Very lately, however, and just as this translation is going to 
the press, Pope and Peachey” have applied their camphor 
sulphonic acid process to the resolution of methylethyl- 
thetine and have succeeded in separating an active body with 
the sulphur as the asymmetric element. The authors conclude 
from their work that a large number of other elements may be . 
found to behave as asymmetric centers of optical activity 
Some details of their process will be given in a following 
chapter. 

Ammonium derivatives containing two similar radicals as 
the chlorides of dimethylethylpropyl-, methylethyldipropyl-, 
ethyldipropylisobutyl-, and ethylpropyldiisobutylammonium 

1 Popp find Peachey j. Chem. Soc., 75, 1187. 

* Aschan : Ber, d. chem. Ges., 3a, 988. 

® Pope and Peachey . J Chem, Soc., 77, 1073, 
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cannot be converted, as Bel’ found, into active fon: 
the action of fungi 

Further consideration of the subject of asymmetric niti 
belongs in the field of stereochemistry. 


V. OPTICAL MODIFICATIOirS 


15. The fact that a body can exist in a right rotating, 1 
rotating, and an mactive form was first recognizee 
mentioned, by Pasteur in 1848, in the ca.se of tartaric* 
The number of bodies acting similarly was incica.se(l 
slowly, and m 1879, at the time of tlie publication of the 
edition of this book, only three otlier examples could he g 
vt2., malic aad, camphor, and camphoric acid. 

Already m 1875, van ’t Hoff, in his ‘ ‘ Chimie dans res])! 
had developed the general formulas by which the numb 
possible stereoisomers and hence, also, optical isonieis 
' body could be calculated from the number of asymni 
carbon atoms m its molecule. For a long time the oh.s'erva 
available, from which these formulas could he tested, 
entirely too scanty, and only in the last few years, the j 
investigations of F Fischer, on the members of the s 
group, have furnished matenal which demonsti ated 1 
pletely the correctness of the theoretical piedictions. ( )1 
vationswere multiplied also, in other cla.s.scs of amiiioi 
and as the table of active substances given in S 8 .shows, t 
are now over 100 such bodies known in different op 
modifications. * 


However, there is still a very large number of active bo. 
over 300 m fact, which are known only in one fonn - 
nght. some left rotating. This is tnic of whole gron’i 
bodies as the polysaccharides, natural glHco.side.s, st, 
vmeties, alk^oids, bitter principles, liile acids, and prot< 
Wittout doubt, most of the,se contain .several a.svmm( 
car1»n atoms, and must exist in different forms with* diffe 
rotating powers as weU as in inactive modifications. 

* Le Bel Compt rend , 113, 724 (1891). 
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A, balculation of the Number of Optical Modifications of a Compound 
from the Number of Asymmetric Carbon Atoms Contained in It. 

i6. If we divide the compounds consisting of a chain of 
singly linked carbon atoms into the three classes given below, 
the number of possible stereoisomers or optically active and 
inactive forms is shown in the following expressions in which . 

71 = the number of asymmetric carbon atoms in the 
compound. 

iV-^the whole number of possible isomers, which are 
divided into 

t = inactive, non-separable modifications, and 
a = active forms, which occur in pairs- as optical antipodes 
with equally strong opposite rotations These lead to 

r inactive separable racemic modifications 

First class . 7i even or odd Structural formula not in two 
equal halves 

If represent the terminal radicals, and the radicals 

combined to the middle carbon atoms, the general type is 

—R, 


For example 

Mahc acids C02H-*CH,0H— GHj-COaH 

Phenyl-or-chlorlactic acids CgHs — *CH OH — *CHC 1 — CO2H 

Pentoses CH2OH— *CH.OH— *CH OH-~*CH OH— CHO 

Hexonic acids CH^OH-C^CH OHh-COjH 


Bodies belong here m the chain of which there is at some 
point, a carbon atom which is not asymmetnc (CH^, CO^, CO) 

For example 
Bu t y 1 cbl or al aldol 

CHg— *CHC 1 — CCI2— *CH.OH-*CH{CHO)— *CH OH-CH3 

In all such cases we have 

(ly JSf =2“*^ a = 2 t-= 0. 

1 The expressions (I) and (II) were first proposed by van ’t Hoff (“ I,a chinue dans 
e,” 1S75, p 9 and 12) and the second one is also found in this form 

;v=: 2 ^ + — or 2^ * ^ 2 ^ + I j or ~ + 2^j 

Attention was first called to formula (III) by E Fischer (Ann Chem (I^iebig), 
370, 67 (1891)) These formulas are denved from the theorems on permutation and 
combinations, attention being paid to the conditions obtaining for various reversed 
aud reflected image forms 
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Therefore : 


« = 

I 

2 

3 

4 

5 

6 

N = a =^ 

2 

4 

8 

16 

32 

64 

r = 

1 

2 

4 

8 

16 

32 


Second class . 7i even. Structural formula in two equal 
halves. The type is 

R— {^Cab),, R ' 

For example • 

Tartaric acid COgH— ♦CH OH— ♦CH, OH— CO2H 

Sym dimethylsuccimc acid CO2H— *CH(CHs)— •^CH(CH 8 )~*C 02 H 

Hydrobenzom CgHs— *CH OH— ^^CH OH— CbHb 

Hexitols CH,OH— (*CH OH^— CH^ OH 

Tetraoxydicarboxyhc acid CO^H — (*CH OH)* — COgH 

Bodies are found here with symmetrically halved structural 
formulas which contain in the middle, an even number of 
non-asymmetnc carbon atoms For example 

Dimeth> ladipic acids, C02H-*CH( CHs)-CH2*-CH2-*CH(CHs)-C02H 
Diallylbromides, CH^Br— *CHBr— CHg— CH^— *CHBr— CH^Br 
We have in the second class : 

(II) 



Therefore, w^hen 


n — 

2 

4 

6 

8 


3/ 

10 

36 

136 

a = 

2 

8 

32 

128 

i = 

1 

2 

4 

8 

r = 

I 

4 

16 

64 


Third Class , n uneven. Structural formula equally halved, 
after excluding the middle carbon group. The type is 

Examples : 


Tnoxyglutanc acids, COaH—^CH OH— °CH OH— *CH OH-CO^H 
a-Glucoheptitol, CH, OH-(*CH OH)^— ®CH OH-(*CH OH),-CH2 OH 

CHb H ' CHb 

Himethyltncarballylic acid H *C °C 
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In these cases °C, the middle atom of the chain, is • 

Asymmetric (active) when the other parts of the chain, 
the equal halves, are asymmetric similarly, that is, have 
the same direction of rotation ; 

Symmetric (inactive) when the two other parts of the 
chain are oppOwSitely asymmetric, and therefore neutralize 
each other in their rotating power 

Under both circumstances when the middle atom, is 
included in the number w, we have the following formula for 
calculating the isomers : 

(III) 

n — r M — I 


From this it follows that for • 


?/ 

3 

5 

7 

9 


4 

16 

64 

' 256 

a - ' 

2 

12 

56 

240 

i 

2 

4 

8 

16 

r ~ 

I 

6 

28 

120 


In deriving the different stereoisomers of a body, it is con- 
venient to employ the method of representation proposed by 
E. Fischer,^ which consists in this, that the solid model ot the 
molecule (built up by the aid of the well-known rubber 
carbon atom models) is placed in such a manner over the 
plane of the paper that all the carbon atoms are found in a 
straight line, and the radicals combined with them (H and 
OH ) , stand to the right and left above the plane. Then the 
projection of such a structure, for example, that of ^-glucose 
is shown in the following diagram, la, and that of /-glucovse 
by the mirror image lb. A more contracted method of 
representation is shown in II and III, where, for the last case, 
H - • and OH ^ x . 

1 Fischer . Ber. d. cheni. Ges., 34, 3683. 



O'- 




la 

lb 



II 



III 

CHO 

[ 

CHO ‘ 

( 

:ho 

C 

H^ 

R 

R 

H— C— OH 

j 

HO— C— H 

H 

OH 

HO 

H 

•K 

X* 

j 

HO— C— H 

1 

H— C— OH 

HO 

H 

H 

OH 

X- 

• X 

1 

H— C— OH 

j 

HO— C— H 

H 

OH 

HO 

H 

•X 

X* 

1 

H— C— OH 

j 

HO— C— H 

1 

H 

OH 

HO 

H 

•X 

x« 

1 

CHaOH 

CHaOH 

C 

iHaOH 

( 

:h20h 

^1 

^1 


The Inactive Non-Separahle are distinguished in 

the following configuration formulas by this, that the latter 
may always be cut by a horizontal line into two equal halves of 
which the lower one is the mirror image of the upper. The 
compensation existing within the molecule is illustrated by 
this, for if in Diagram I, below, a spiral be drawn through the 

four radicals in the direction, I J i ( . J 7?), “ 

half of the figure it will be turned to the right, and in the 
lower to the left. In compounds which have in the chain an 
uneven number of carbon atoms, the cut passes through the 
middle (not asymmetric) one Such inactive molecules may 
be represented by the following diagrams ; 


I 

2 

3 

4 

5 

R 

X* 

R 

X* 

•X 

R 

X- 

X • 

R 

X* 

X* 

* St 

R 

X« 

•X 

X • 

X* 

R 

y ■ 

X* 

R 

7^ •• 1 

•X 

X* 

R 


In what follows the derivation of the possible optical modi- 
fications for chain structure molecules with 72 = i, 2, 3, 4, 5 will 
be earned through and illustrated. 


Tzrst Class : 

I/:=za = 2 
For example . 

CHa CH, 

H— C— OH HO— C— H 

CH.OH (!: 


I. 72= I, 


2 = 0 


:HjOH 


I 


CHa COOH 

I 

H-C— NHa 

iooH 


NH. 


CHa COOH 

hLh 

ioOH 


Right and left propyleneglycol Right and left aspartic acid. 





oy 


h 


IL ?i — 2 . 


A. jFzrs^ C/ass: 


JV= a 

= 4 

2 z= o 

r == 2 

The four possible active 
form antipodes, are: 

combinations, of which i 

I 

2 

3 

4 

jR 

R 

R 

R 

X- 

X* 

•X 

X* 

x» 

X* 

X« 

•X 

A 

^1 

^1 



An example of this is furnished by cinnamic acid dibromide 
of which the four active as well as the two racemic form^ are 
known: 


( 

"cH, 

( 

CoHb 

( 

-oH, 

( 

Br 

H 

PI 

Br 

PI 

Br 

Br 

Br 

H 

H 

Br 

Br! 

PI 

H 


COOH 


COOH 


COOH 


CoH, 

|H 

Br 

COOH 


Which of these configurations belongs to each isomer has 
not been established 
The same conditions must appear with* 

Phenyl-a-clilorlactic acid 
Pheuyl-jS-chlorlaciic acid 
Trioxybutyric acids . . - 


C,jHfl~CH OH— CPICl—COjjPI, 

C«H8— CHCl— CII OH— CO, IT, 
CHaOII— CH OH— CH OH— CO^H, etc. 


B. C/ass.- 

N =-- 3 a 2 I I r -- 1 

li J? = jR^ of the four combinations given under A, i and 2 
will be identical, as can be shown by rotating the diagram 
(turning it upside down), afid there remain: 



R 

R R 


X* 

•X X* 

a 

X- 

X* -x 


R 

R R 


Inactive, 

Oppositely active. 



Example * 

COOH COOH COOH 

HOH ' HOH HOH 

HOH HOH HOH + tartalic acj 

COOH ” COOH COOH - tartaric aci 

Meso- Right Left Racemic aci< 

tartaric actd, tartanc acid, tartartic acid. 


III. w = 3 

A. First Class: 


N = 

W& have* 

a == 

8 

i = o 

r=4 



2 

3 

4 

5 

6 

7 

R 

R 

R 

R 

R 

R 

R 

X* 

• X 

•X 

x« 

X- 

•X 

X* 

X* 

•X 

X- 

• X 

•X 

X- 

X* 

x» 

•X 

X* 

•X 

X- 

•X 

•X 



V. 


5 




Example 

R 

Pentoses CPLOH— (CH OH),— CHO 

Pentomc acids CH^OI-I— (CH Oil).,— COOIi 


H OH HiOH HO H HO H 


HOH HOH 


HOH HOH HO 


H OH HOH HOH HOPI 


IIOII I] 


Z-Ribose Unknown /-Arabinose, rf-Aiabi-j Unknown, /-Xylose Iyy\(jse Ui 
/-Ribonic /-Arabonic nose /-Xylonic I^jxonir 

acid acid acid acid 

B Third Class; 

N = ^ a = 2 ;• I. 

Of the configurations given under A the followin 
identical when R = R^; 

I with 2 4 with 7 

3 “ 8 5 " 6 





and there remain: 


Inactive. Oppositely active. Inactive. 

Example : 

Pentitols CIIaOH— (CH.OH)^— CHjjOH 

Tnoxyglntaric acids COOH— (CH.OH)8--COOII 


HO 

H 

H 

OH 

HO 

H 

no 

HO 

H 

HO 

H 

H 

OH 

H 

HO 

H 

HOH 

H 

OH 

HO 


Adointol 
Ribotnoxy- 
glutanc acid 
Inactive 


/-Arabitol. 
/-Trioxy- 
glutaric acid. 


Unknown 


jR 

Xyhtol 
Xylolrioxy- 
glutanc acid. 
Inactive 


IV - 4. 


A First Class, 




- a --- 

16, / 

" 0, 

) 

8 . 


I 

2 

3 

4 

5 

6 

7 

8 

R 

R 

R 

A’ 

R 

R 

R 

A’ 

X* 

•X 

• X 

X* 

X* 

•X 

X* 

• X 

X- 

•X 

x« 

• X 

• X 

X* 

X* 

• X 

X* 

•X 

x» 

• X 

X* 

•X 

•X 

X- 

X* 

•X 

x» 

•X 

X* 

•X 

x^ 

•X 


A 




F, 

A\ 

A>, 

9 

— , 

10 

II 

12 

13 

14 

15 

x 6 

R 

R 

R 

R 

R 

A? 

A’ 

R 

X* 

•X 

•X 

X* 

•X 

X* 

•X 

X* 

X* 

• 

•X 

X* 

X* 

■X 

X* 

*X 

X- 

•X 

X* 

• X 

•X 

X* 

X* 

•X 

•X 

X* 

X* 

•X 

X* 

•X 

• X 

X* 

^1 

— > — 


^ 1 . 


^ 1 , 

5 

/A 



Of these sixteen active configurations, in the 


Hi H 

Hexoses CHsOH— (CH.OH)*— CHC 

and Hexomc acids CHjOH — (CH OH)4 — COC 

the following are known. 

5 678 

H H 'H H 

HOH HOH HOH HOH HO 

HOH HOH HOH HOH HO 

HOH HOH HOH HOH HO 

HOH HOH HOH HOH H 

Hi Hi Hi Hi I 

1 d d I a 

'' V ' ' — — — ' Talo 


Glucose, gluconic acid Gulose, gulomc acid, talonu 


II 12 13 14 15 

R R R R R 


HOH 

HOH 

H 

loH 

HOH 

H 

OH 

HO 

HOH 

HOH 

HO 

H 

HOH 

HO 

H 

H 

HOH 

H 

OH 

H 

OH 

HOH 

HO 

ir 

H 

HOH 

H 

OH 

HO 

H 

H OH 

H 

OH 

HO 


Hi Hi Hi Hi Hi 1 

I d d I d I 

... * ' *' 

Mannose, nmiinonic acid. Idose, idoiiic acid. Galactose, gal 

acid 

B. Second Class. 

r - 10 a — 2 > ? 2 ^ ^ 

This number of isomers follows from the confign 
given under A when R is taken equal to A’p because the 
become identical: 

I witli 2 S with 8 

3 “ 10 6 ** 7 

4 “ 9 ^5 “ 16 
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There remain then: 

I — ( 3 . 4 ) — ( 5 . 6) — (II, 12) — (13, 14) — 15 - 
We have here 

Hexitols CHaOH—(CH.OH)4— CHgOH 

and Saccharic acids COOH— (CH OH).!— COOH, 

of the last of which the ten forms are known ; 



X 


5 


4 


5 

6 

\ 


R 

] 

e 

1 

? 

} 

? 

R 

HO 

H 

H 

OH 

HO 

H 

HO 

H 

1 

H 

OH 

HO 

H 

HO 

H 

H 

OH 

H 

OH 

HO 

H 

HO 

H 

HO 

H 

H 

OH 

HO 

H 

H 

OH 

HO 

H 

HO 

H 

H 

OH 

HO 

H 

1 

H 

OH 

j 

R 

1 

? 

1 

? 

} 


} 

? 

Inactive 

1 


d 

1 


d 


Alio- 



Tahtol 


Sorbitol. 


mucic acid. 

Taloniucic acid 

Saccharic acid 



II 

12 




14 


15 


R 

R 

R 

R 

R 

1 

H 

OH 

Hojn 

II 

OH 

HO|H 

HOH 

H 

OH 

HO 

n 

HO 

H 

H 

on 

non 

HO 

H 

H 

OH 

H 

OH 

HO 

II 

oiiir 

HO 

H 

H 

on 

no 

H 

II 

OH 

II OH 

1 


R 

1 


i 


A 

R 

1 

R 


1 

d 

d 


1 

Inactive 


Mannitol 



Idilol 



Diilcitol. 

Mannosacchanc acid 

Idosaccharic acid 

Mucic acid 





V : 

n - 5. 





A. 

First Class 

• 









a -- 

32 

i 0 


r 

16. 


The thirty-two po.ssible combinations are as 

follows, leaving 

out the symbols, J? and 







I 


2 

3 

4 

5 

6 

7 

8 

X' 


•X 

•X 

X- 

X- 

• 1 

X 

X* 

•X 

X' 


•X 

x« 

•X 

•X 

X 

• 

X- 

• X 

X 


•X 

X* 

• X 

X* 

• 

X 

•X 

x» 

X 


•X 

X- 

•X 

X- 

• 

X 

x» 

•X 

X 


•X 

X* 

•X 

x» 

• 

X 

x« 

•X 


— 






^ -V* 

I— M'"* 





l;Ui 


/ii 


1 !' 



M 


I 


I 


’ I 

-Ij, 

, ■(!' 

I. ' 


|l 1 'l*' 

f> -1 ' 

' iS ' - 
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X* •>< 
X* •>< 
X* •>< 

• X X* 

X« *X 

17 18 

• X X* 
X- •x 
X* 'X 

• X X- 
X. -X 


25 26 

X- -X 
•x X* 

X. 

X* 'X 
.X X* 


u J:* 1 JUf ■ 


II 

X- 

X* 

X* 

X* 

• X 

12 

• X 

• X 

• X 
■ X 
X* 

13 

•X 

•X 

x» 

X* 

X* 

14 

X* 

X- 

•X 

•X 

•X 

15 

•X 

X- 

•X 

X- 

>0 

19 

20 

21 

22 

23 

• X 

x« 

X* 

•X 

X • 

X* 

• X 

•X 

X* 

•X 

X* 

• X 

•X 

x« 

X* 

X* 

• X 

X* 

• X 

•X 

• X 

X- 

X- 

•X 

X* 

27 

28 

29 

30 

31 

X* 

•X 

X* 

•X 

X* 

X* 

• X 

X* 

•X 

X- 

• X 

x» 

• X 

X* 

X- 

•X 

X- 

X* 

•X 

•X 

X* 

• X 

•X 

x» 

•X 


Of bodies belonging here, but few are known, c 
ing to • 


8 

CHO 


H 

H 

HO 

H 

H 


OH 

OH 

H 

OH 

jOH 


CO, OH 
a-Gluco- 
heptose. 


8 

COOH 


H 

H 

HO 

H 

H 


OH 

OH 

H 

OH 

OH 


16 

Clio 

1, 


non 


H 

IK) 

II 

III 


Ion 

II 

on 

on 


CH,OH 
a-Gluco- 
heploiiic acid. 


CllaOII 

/J-Oluco- 

lieplost*. 


IK 

1 

IK 

1 

I 

lu 


B. Third Class : 

jV= 16 a 12 i 4 f 6 
When i? = of the forms given under A, llv 
are identical : 


1 with 

2 

13 with 32 

18 witl 

3 " 

12 

14 

C( 

1 

31 

19 

(I 

4 “ 

11 

15 

i ( 

30 

2X 

l( 

5 “ 

TO 

16 

(( 

29 

23 

M 

6 

9 

17 

<< 

26 

23 

If 


7 “ 8 
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There remain then, as can be calculated from the formulas, 


sixteen configurations ; viz. , six active pairs and four inactive 


forms. The,se are : 




13 4 5 

6 

7 13 

14 

X 

• 

• 

X 

X 

« 

X 

•X 

X* -x 

X* 

X* X* •x •x 

X* 

X* *x 

X* 

X* X* -X X* 

•X 

•X X* 

•X 

X* X* •X X* 

•X 

X* X* 

•X 

X* X* •x X* 

•X 

X* X* 

•X 

Iiuictiv<i* Active. Active, 

Inactive. Active. 

15 16 17 18 

19 

21 S2 

23 

X 

X 

• 

• 

X 

X 

♦ X 

X* •x 

X* 

X* ’X X* •x 

X* 

•X x> 

*x 

•X X* X* *x 

X* 

•X X- 

X* 

« 

X 

X 

X 

X 

X* 

x« -x 

•X 

X- •X X- •x 

•X 

x» *x 

X* 

Active. Active Inactive. Active, Inactive. 

Of such confi^^uratiuiis, the following aic known : 


7 ' 


16 


coon 


coon 


non 


non 


non 


non 

1 


non 


no.n 


IIOJI 


ii'on 


non 


non 


coon 


coon 


a.(Tlucoj)entnxy- 


/:#-<Muct>iJenlnxy 


piinehc acid. 


piniehc acid. 


Inactive. 


Active. 


A discussion of the iiielhods 

and con.sidenitions 

leading 


the determination of the positions () and Oil as they luive been 
develoiK'd by K. Fischer for the bodies of the sugar group, <loes 
not fall within the plan of this book. 


Asymmetric Molecules ivith Chain Struclurc which contain a 
double carbon linkage must, in consequence of the resulting 
cis-trans isomerism, show rf- and /-modifications for each of the 
two forms. According to Walden,' who called attention to 

J Walden Her. d. diem. Oea., *7, 3jj76. 
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these relations, the following bodies may be of this kind ‘ 

Right-rotating I CHg (CHa),-, *CH(OH) CHa.CH 
ncinelaidic acid !• || 

Transform J H.C (CHg), COOII 

Right-rotating ] CH, (CHa)5 *CH(OH) CHg.CH 
ncmoleic acid V || 

Cis form J COOH (CHa)^ C.H 

The left-rotating antipodes are as yet unknown. 

Asymmetric bodies having a triple carbon linkage can yield 
only one pair of optical antipodes , thus, from the above acids 
only a single <^-ricmstearoleic acid, corresponding to the 
formula^ 

CHg.CCHa) *CH(OH) CH, C ‘ C. (CHg),. COOH, 
may be obtained 

Ring Structure Moleailes — Those which contain only one 
asymmetric carbon atom yield d-, and r-modifications, as 
has been already shown for many bodies, such as methyl-, 
ethyl-, and propylpipendine, limonene, menthene, camphene, 
pinene, and others. 

Cyclic compounds with two asymmelnc caibon atoms may 
exist in four active isomeric forms, two of each lieing optical 
antipodes, and also in two racemic forms. As a matter of fact, 
these SIX forms are known in the case of the camplionc acids 
of w^hich there exist, according to AvSchan,’' only ( i ) the 
common /-, and r-camphonc acids wdnch correspond to tlie 
malemoid or cis form, and (2) the d-, /-, and r-isocami)]iono 
acids which correspond to the fumaroid or cis-trans Ibim. As 
IS well known, the structure of camphoric acid has not Iicen 
finally settled ; the above relations point to the existence of 
two asymmetnc carbon atoms. (Bredt’s formula contains 
three, those of Tiemann and Semmler four, ^'C, ) 

The same conditions appear to obtain with othei cyclic' 
compounds, as, for example, bomeol, the composition of which 
IS not definitely known 

Further details concerning the relations of otitioal inodi- 

chapter on the “Development of 

1 Goldsobel Ber d chem Ges , 27, 3121. 

- Aschan Ibid , 37, 2001 
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B. Physical and Chemical Behavior of the Optical Modifications 
a B35HAVIOR OF THK AnTII^ODFS 
17, Physical Properties. — Of these, only such can be different 
for the two antipodes in which the contrast of + and — is 
essentially inherent. Besides optical right and left rotation, and 
the enantiomorphism of crystals, the pyroclectnaiy of the latter 
belongs here The phenoiiienoii of opposite electrical poles in 
a certain class of crystals is disclosed only when they are 
heated, or cooled, or subjected to one-sided strain or pressure. 
Among such, which in solid or dissolved condition show 
optical activity, the following have been found to exhibit 
pyroelectricity * 

Hexago7ial Syste 77 i : quartz, potassiuin-lithium sulphate, 
sodium-hthium sulphate, potassium broiiiatc, potassium peri- 
odate, rf-antiinonyl-strontiuiii tartrate, ^/-lead tartrate. 
Tetragonal System , ^-aiitimonyl-barium tartrate 
Monodmic Sydem d~ and /-tartaric acid, ^'-potassium, 
ammonium and strontium tartrates, cane-sugar, milk-sugar, 
d- and /-carvoxiine, d- and /-feiichoiie oxime, d- and 
carvone pentabromide. 

For further information on the subject of ]iyioelectncity ol 
crystals, the reader is referied to the excellent discussion of 
this condition in lyielnscli’s “ Grundriss der physikalisclieii 
Krystallographie, ” 1896. pp 46210471 
All other physical pioperties, on the contrai y, are perfectly 
identical in the antipodes As oliservations on numerous 
substances have shown, this is the case with respect to 
I. Specific gravity. 

2 Melting-point and boiling-point, 

3. Solubility,’ 

4 Heat of solution {d- and /-tartaric acid, Berthelot and 
Jungfleisch d- and /-inositol, Berthelot),’’ 

1 Ceitaui statements aie foiiml concerning the unequal Hohibility of nntlpo<U*s. At 
ordinary temperature rf-a«paragine ia «iutl to l)c somewhat moio Holuble than 
/-asparagine, (Piutti, Her, d cliem. Ges , 19, In cooling down a hotaqiieoins 

solution of racemic camphoric acid, JupgfleiHch oliHcrvccl, first the separation of the 
left-rotating, and then, below 40“, of right-iotatlng ciystnls. In dilute acetic acid the 
solubilities were even more dllTereut (hull. Soc. Chiui,, faj, 41, 334). It is a question, in 
such cases, whether real antipodes were present or not. 

3 Berthelot and Jung/lelsch : Compt rend,, 7B, 71 j, 

3 Berthelot: 110, 1344 
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5. Heat of combustion (close agreement found for d- and 

/-camphoric acid, Louguimne d- and /-inannouic acid 

lactone, Fogh).^ 

6. Heat of neutralization (shown for d- and /-tartaric 

acid with active bases, Jahn).^ 

7. Electrical conductivity (rf- and /-tartaric acid, OvSt- 

wald).® 

8. Index of refraction (shown for d- and /-terpenes and 

derivatives, Wallach, Bnihl) 

18. Different Behavior of the Antipodes on Combination with Active 
Substances. Conditions of Solubility. — If the d^ and /-forms of an 
active body be brought into new combinations which contain 
the original active complex, and m which no new asymmetric 
carbon atom is added, the two products are perfectly identical, 
with exception, of course, of their opposite rotating powers 
and crystalline enantiomorphisin. This is the case when the 
antipodes of an acid are combined with an inorganic, or with 
an inactive organic base ; the two salts show the same solu- 
bility, contain the same amount of water of cry stalli/ation, and 
so on 

However, if the two oppositely rotating forms be brought 
into combination with an active substance, so that new asym- 
metric carbon atoms are added, then marked differences in 
behavior may appear. This is the case when a d- and /-acid 
are combined with the same alkaloid, or a d- and /-base with 
the same active acid, for example, with ^/-tartaric acid ; the 
two salts differ, especially in their solubilities. The leason for 
this is found simply in the fact, that when a right and left 
asymmetric group, 

b b 

a— di— c c— c!— a 

I I 

are attached to the same assunmetric complex, 


the two resulting bodies 

Zhchr.phys Chem , 6, 33M. ami 10, <10. 

* H Jahn Wied Ann , 43, 306 
« Ostwald Ztschr phys Chem , 3, 371 
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DIFFERENT BEHAVIOR OF THE AJiTfraSW 


1 I 

d^C~f 


c « 

are no longer mirror images of each other 

The unequal solubility of two such isomenc cooibhwiHiMS 
does not appear to bear an\ definite relatioii to the dbrectioH 
of rotation of the acti\e components When the mmt alkaloid 
is united to different active aads, sometimes the ^4oim *st thtl 
latter, and sometimes the /-form, gnes the least aoltthlr lalli 
that is, the one which prmpitates first In the tame nmmtr 
if-tartanc acid liehates differenth with the antipodes of ihSer- 
ent bases. This is shown b\ the following obsen-atiom wdncli 
in the main have l)een taken from a tabk h\ Winthcr * The 
symbols ( ir* and * J ) indic-ate the M>Uent water tjr akdbol ; 


flf-Cinchonicnie precipitates / tartanc ari<i U 


i/-Cinchonint 

(/- 

d- 

d^ 

d- 

i/-Qunndine 

^/-Quinicine 

/-yinnine 

/. 

/- 

/-Cmchonidine 


/-lartarii ati.i H ' 

H iriiumic ai.3 1 A 

Ai 1 M * 

man‘ieL', " I * 
d \ ki:I ^ ii A».»l 

i/-pLeinI a A 

d'LivndW V du 1 rvn^i^W A 
d tdTtin. dUd 
d-UTlATlC ,44. Sd 
d-irni>i^iiA U 
/-isijT'rup^ Ipbt*" V !*:' t at J 

sy*elh’>x'si 3 t 4 .ir’ii. ^t'’ i U * 
aft, s 


1 W’lnther Her d chew 

2 Pasteur ComiA rend ^^2 

» Pasteur Ann chim - jft 4’" 

4 Erlenmejcr, Jr \nn Chem ayi. 

I^iebermann /bid , 96, Hirsch /t^J *7, 

* Purdic and Manihall J Chem Soc 6j. 

* l,ewkowitsch Ber d chem i*t% 16, aa^i 

* Fileti Oaaa chim ital aa, j ^ t prakt CSem a 

* Erlcnmcyer,Jr Ann Cheia l-iebigj 371, .i-v 

a6, 1659. 

» Hirach Ber d cbe« C«u 37. 

Fa«M»ur Cowpt Rewl. ij, 
n FMtettr AJUL pfcja*. Ui W" 

w JMeatwxasad Hw* Ber 4 dwwL mm. 

M Flkti 

w Fsr^ftwSWallEcr J 
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OPTICAI, MODIFICATIONS 


/-Cinchonidine precipitates 

/-cinnamic acid dibroniide (beii:?cuc),^ 

/- 

(( 

/-allocmnamic acid dibroniide (benzene) 

/-Strychnine 

(( 

^-pyrotartaric acid ( ?F),“ 

/- 

(( 

d?-galactonic acid {JV)^* 

/- 

tt 

^-dihydro-o-phtlialic acid ( IV) ^ 

/- 

1 1 

^-cmnamic acid dichloride 

/- 

(I 

rf-cinnamic acid dibroniide (.z/),’ 

/- 


/-lactic acid ( JF),” 

/- 

<( 

/-methoxysuccinic acid ( IF)/’ 

/- 

(( 

/-propoxysuccinic acid ( IV) 


/“Brucine 
/- “ 

/- 

/- 

/“ “ 

^-Tartanc acid 
d- “ “ 

d- “ 

d- “ “ 

d- “ “ 

d- “ 

“ “ 

d- “ 

</- “ “ 


‘ ‘ fl?-tartaric acid ( ^ 

“ i 2 ?-a-oxybiityric acid ( IV 

^-a-/y-ciiiiiamic acid dibroniide (u*/ ),*’’* 

‘ ‘ ^-phenyl-jtf-T-dibrombulyrio acid ( v/ ) , 

/-valenanic acid ( JV) 

“ ^/-a-pipecoliiie ( 

fiT-ethylpiperidine ( /F),” 

“ flf-comne 

“ ^^-copellidine ( IV) 

“ flf-tetrahydroquinalduie ( IV 

“ /-/5#“pipecohne ( 

“ /-isocopelhdine ( IV) 

/-propylenediamine ( IV) ^ 

'' ^-i>5-tetraliydronaphlhyleiiediaminc( IV),** 


1 Hirsch Loc cit 

2 I^iebermann Ber d chem Ges , 27, 2042 

3 I^adenburg Ibtd , 38, 1170 

^ Fischer and Hertz Ibtd , 35, 1257 
'* Proost Ibid , 37, 3185 

« l,iebeniiaim and Fmkenbeiaei Ibid , 26, Wij , Kinkenbelnei • /#«/„ 37, Wk 

TT- J 1 ’’= **’ , 26 , 24S ! I.teliei muim mul 

Hartmann Ibid , 3 d, 829 and 1665 

8 Purdie and Walker J Chem, Soc , di, 754 
“ Purdie and Bolam Ibid , d7, 944 
10 Ibtd 


11 Pasteur Ann chim phys , [3], loc cU, 

12 Guye and Jordan Compt rend., 120, 562 

13 Hirsch Loc ctt 

H 1 , 0 th Meyer, Jr , and Stem Ber d chem Oea , 27, F»o. 

Schntr and Marckwald Ibid , xp, 53. 

’« tadeaburg Ann Chem (I,iebig), 247, 64 
Ibid , p 71 
18 Ibid , p 85 

Z T ’^^olffenstein Ber d. chem. Ges , aS, 2270, 

«»lAdenburg Ibid, 27,^6 ‘ 

^ Ibid, V 75 

22 I^evyand Wolffenstein Loc ctt 
» Baumann Ber d chem. Ges., 38, 1179. 

Bamberger Ibtd , 33, 291 



In the above list there are miaeteen cases in which bksea an 
acids of opposite rotation unite to form a less soluble Salt, an 
seventeen cases in which the salt is formed by the union c 
acids and bases of like rotation 
In the two groups of isomeric cinchona alkaloids their com 
position appears to play some part as may be seen from thi 
following table in which is given the modifications of severa 
acids which yield the less soluble salts with the bases* 



Bases CioHasNsO 

Bases CooH 24 Ng 02 . 


Cin- 

chonine 

Cincho- 

nicine 

Cincho- 

mdine 

Quim- 1 
cine 

Quini- 

^ine 

Quinine 

Tartanc acid 

1 

1 


d 


d 

Phenjddibrotn propi- 
onic acid .... 

1 


1 


d 


Isopropylphenylgly- 
colic acid ' . .. 

d 





1 

Methoxysuccinic 
acid 

d 



d 





_ 


From this it might appear that the bases of each group 
behave in a similar manner with each acid and also that the 
two groups are opposed to each other in their action; if the 
one combines with the ^-fofm of an acid the other takes the 
/-form However, a greater number of observations will be 
required to fully establish the rule 

Ch. Winther has proposed a theory concerning the resolu- 
tion of racemic bodies by active bases which takes into con- 
sideration the configuration of the molecules.^ Reference only 
can be made to this here. 

For the application of the unequal solubilities of the salts of 
active bases and acids in splitting racemic bodies, see § 33 

19. Physiological Differences between the Antipodes. — ^These are 
recognized through the following phenomena 

I. By the power which certain organized ferments possess ^ 
when growing in solutions of racemic bodies^ to destroy one com’ 
ponent of the combination while the other is left unchanged 
This power belongs especially to a number of molds, such as 

1 ch. Winther Ber. d, chem Ges , a8, sooo 


A 








' Pe 7 iicillium glaucum^ Mticor Mucedo^ Aspergillus fumi^ 

and others, also to several kinds of yeast, and finally to C( 
j schizomycetes (^Bactenufn termo^ Bacillus ethaceiicus 

\ others) The first observations on this point were mac 

j Pasteur^ in t86o, who found that if spores of PeniCi 

glaucum along with traces of nutritive salts (potassium 
phate and magnesium sulphate) are sown in a solutii 
I ammonium racemate, the originally inactive liquid bee 

‘ gradually levorotatory as the development of the fungui 

; ceeds and that finally no dextrotartaric acid whatever is 

It was observed later that solutions of many other ra( 
. bodies in contact with fungi behave in the same manner 
consequently that from them in some cases the right-rot 
and in other cases the left-rotating form could be secured 
' I this way it was found possible to obtain active forms fr 

I number of racemic acids, as lactic acid, aspartic acid, mai 

acid, and even from haloid acids, for example from cinr 
! ! acid dichlonde, also from several alcohols, as inethyk 

I I carbiiiol, methylpropylcarbinol, propyleneglycol, and o 

' 1 (see § 34). With many substances, however, the growl 

l| fungi is not possible and they remain m the inactive cond 

j Further data concerning the methods employed in 

1' s experiments, and a description of the fungi, will be founc 

|! ! 34 - 

1 I 111 the following the question of the mode of action o 

i fungi, and whether any definite rules may be deduced, w 

|i taken up first It must be remarked at the outset, how 

I concerning observations in this direction, that many of 

date from a time when methods of producing pure cul 
I of the fungi had been but little developed and that wit 

I doubt many experiiiienls were carried out with impure mat( 

The results, therefore, can not be looked upon as fully e 

, lished in all cases. 

As far as the molds are concerned, it does not appear 
1 different varieties possess any definite selective action 01 

1 antipodes. It has b^en found on the contrary that the \ 

I I mold decomposes the right modification of some racemic bo 

I ' and the left modification of others. For example, by thi 

! j 1 Pasteur Compt rend., 51, 398. 
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of Penicilhum glaucum^ the- following active forni$* w 
obtained from racenuc bodies ^ 

flf-methylethylcarbin carbinol, ‘ 
rf-ethylidene lactic acid, 
flT-ethoxysuccinic acid, 

^/-mandelic acid, 

^/-aspartic acid,-* 
flf-leucine,® 

/-methylethylcarbmol, ^ • 

/-methylpropylcarbinol, 

/-ethylpropylcarbin ol , 

/-tartaric acid, 

/-mannonic acid lactone, 

/-glutaminic acid/ 

/-glyceric acid 

As seen, the destructive action of the fungus on the alcohol 
as well as on the acids, is exerted in some instances on the oi 
form, and in others on the opposite. 

There a^re some cases in which from racemic bodies, tl 
dextro form may be obtained by one variety of fungus and tl 
levo form by aid of a different fungus Thus, there are n 
attacked 

i/-Mandelic acid by Pern allium glaucunt^ Mucor Mucedo 
/- “ “ “ Saccharomyces elltpsoideus and another 

schizomycite not definitely known (vibno®) 
fl?-Glycenc acid® ‘ ‘ Baallus ethacetiais 
/- “ “ “ Penicilhum glaucum ® 

fl?-Tartaric “ “a certain unnamed schizomycite (vibrio**) 

/- “ “ “ Pemalhum glaucum 

The investigations of E) Fischer have thrown much lig] 
on the action of yeasts {Sauharomyces ellipsotdeuSy . 
ceremstae^ S, Paslonanus^ S Marxianus^ etc. ) on tl 

1 The literature of these data will he found in \ 34 

2 The hydrochloric acid solution of the /-form, which in water shows dext 
rotation, was not attacked, 

* The form rotating to the left in hydrochloric acid, and in water to the ng] 
was obtained 

* The form rotating to the left in hydrochloric, and in the same direction wh 
dissolved 111 water, was left 

6 lycwkowitsch Her d chem Ges , 15, 1505, 16, 1568. 

® The racemic calcium glycerate used, left the levorotating salt which correspon 
to the dextro acid 

T Frankland ^d Frew , J Chem. Soc, 59, loi 

8 newkowitscff Ber d, chem Oea , 16, 2720 

® n^wkowitsch Loc, cit 

w Pasteur, I^eBel 
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different kinds of sugars It was found, that of the t\ 
antipodes, only one undergoes fermentation, while the oth 
remains unchanged. Thus : 


Fennent 

^ Glucose, 
(“h) Mannose, 
d {-{•) Galactose, 
d {—) Fructose, 


Do not ferment 
/ ( — ) Glucose,^ 

/ (— ) Mannose,^ 
/ ( — ) Galactose,' 
/ ( ) Fructose * 


Again, it was found that with isomeric sugars which she 
the same direction of rotation the configuration of the mol 
cule exerts an influence on the behavior toward yeast. Fisch 
and Thierfelder® have found the following differences 


l^astly fermentable. 


rf-Glucose 

CHjjOH 

HO— (^— H 

HO— (i— H 

H— i— OH 

HO— H 

cIho 


rf-Manuose. 

CH55OH 

HO— i— H 

ho— H 

H— i:— OH 

H— c:— OH 

c!ho 


Difficulty 

Not 

fermentable 

ferineiitab 

(f- Galactose. 

rf-Talosc. 

CHgOH 

CHgO 

HO— ti— H 

1 

HO— c;— H 

H— C— OH 

1 

• 1 

H— C— 0 

1 

H—C— OH 

H— C— 0 

I 

1 

PIO— C— 

H—C— 0 

j 

(!;ho 

CHO 


2. Unorganised Ferments (^Enzymes') show in their pow 
of splitting gliicosides phenomena similar to those of tl 
yeasts. Investigations of E. Fischer have shown that tl 
hydrolysis of the of- and ^-isomeric forms (different configur 
tions) of d~ and /-methyl glticoside may depend on ( i ) tl 
nature of the enzyme, (2) the configuration of the glucosid 
and (3) the direction of rotation of the active group. The fc 
lowing relations have been observed:" 

Kmulsiti, Xuvertin. 

a-Metliyl, rf-glucoside does not split splits 

“ /- “ does not split does not split 

d- “ splits does not split 

/^- “ /- “ does not split — 

1 Fischer Ber d chem, Ges., 33, 2621; *7, 2031 
a Fischei ; /firrf,, 213, 382 
® Fischer 5 Ibid , 35, 1259. 

< Fischer Ihid,^ *3, 389 
6 Fischer and Thierfelder; Ibid , 37, 2035. 
fl Fischer* Jh%d,y 37, 2985; a8, 1/129. 
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Finally, as regards the explanation of the behavior of the 
'pure enzymes, as well as of that of the fungi containing 
enzymes, there can be but little doubt that here the same con- 
• ditions obtain as in the case of bringing together racemic acids 
and alkaloids The enzymes, like all other albuminous bodies, 
represent asymmetric molecules endowed with rotating power, 
and therefore behave dijfferently with the optical antipodes. 
Pasteur,^ many years ago, employed an illustration when he 
remarked that if a right and left screw be driven into pieces of 
wood, the fibers of which run in a straight direction (inactive 
substance), two systems of the same kind are produced; but 
that this IS no longer the case if the fibers of the wood them- 
selves possess a spiral form, and turned. in opposite directions 
in the two pieces Again, as regards the unequal action of 
molecules of different configurations, it appears that the yeast 
cells with their asymmetrically formed active agent attack and 
fermeijt only those kinds of sugars whose geometry is not too 
greatly different from that of grape-sugar {Fischer and 
Thierfelder^ ) In the same way, one can represent the action 
of the enzymes on glucosides as taking place, only when the 
geometric forms are such as to permit that close approach of 
the molecules necessary to the beginnings of chemical change. 
To employ a figure used by Fischer,® the two bodies must fit 
each other as lock and key. What becomes of the part of the 
active substance taken up by the organized ferment, is known 
only in the case of a few fermentations ; for all other cases 
there are no available observations 

3 Further physiological differences between optical anti- 
podes have been observed in a few instances with reference to 
toxicity and taste 

Different Degrees of Toxicity between d- and UTartanc Acid 
were noted by Chabn6* by injecting solutions of i part of acid 
to 5 or 6 parts of water into the peritoneal cavity of guinea 
pigs and observing the time required to produce death. From 
the experiments which were extended to include racemic and 
mesotartanc acids, inactive modifications, it was found that the 

1 Pasteur '‘Dissymmetne moleculaire," i860 
a Fischer and Thierf elder Ber, d chem Ges , 37, 2036 
« Fischer Ihid , 37, 2992 
I ^ Compt rend ,116, 1410 
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toxicity of tlie different acids calculated for equal weights of 


animal were as follows- 

Left tartaric acid 31 

Right tartaric acid 14 

Racemic acid 8 

Mesotartanc acid 6 


According to tins, /-tartaric acid is about twice as strong a 
poison as the flf-acid. 

With conine, Ladenburg^ noticed no difference in toxicity 
between the natural right-rotating base and the synthetic 
racemic ^y-propylpiperidine. 

A difference in taste between d- and /-asparagine has been 
noted In evaporating an aqueous solution of 20 kilograms 
of asparagine obtained from vetch shoots, Piutti^ noticed the 
formation of enantiomorplious crystals, which, when separated 
from each other mechanically, were found to be characterized 
by equal and opposite rotations, and further by the fact that 
the right-rotating crystals had a sweet taste, while* those 
rotating to the left had the very slight taste of the common 
asparagine. In derivatives from the two forms, such as d- and 
/-aspartic acid a difference in taste was no longer noticed. 
The equal rotations of the two forms indicate that the two 
asparagines are real optical antipodes. A second example is 
given by glutaminic acid, the ^/-form of which has a specific 
taste while the /-form is tasteless.® Pasteur^ has made the 
suggestion that the differences in taste may be due to the 
nerves themselves being formed of asymmetric substances, 
and that an effect exists here like that of the ferments 

b, Propkr^ies op Racemic Compounds and Distinctions 
BETWEEN These and Active Modifications, 

The inactive racemic bodies obtained in various ways (see § 
27 to 33) may be in part definite chemical compounds (symbol 
r) or mechanical mixtures of the active antipodes (symbol i//).® 
In both cases they may be split up into the latter. 

As definitely characterizing racemic compounds the follow- 

1 I^adeixburg Ann Chem, (I^iebig), 347, 83 

» Piutti* Ber, d, chem Ges , 19, 1691; Gaz/ cluiu, ital., 17, ia6, 182, 

* Menozzl and Appiani Acc. d, nmcei, 1893, II, 421. 

* Pasteurs Coinpt rend ,103, 138. 

6 Following the suggestion of E. Fischer* Ber, d, chem. Ges., a8, 1153. 





ing relations msty be t^cen ijito considetation, which show,;, 
first, the differences between them and the active modifications, 
and which, secondly, permit in given cases a determination of 
the question as to which is present, a compound or mixture of 
the antipodes. 

/. Crystallized Racemic Compounds 
20. Molecular Weight. — It was attempted to show by cryo- 
scopic methods that racemic bodies have twice the molecular 
weight of the antipodes, but without success. It was found 
that equally strong solutions of active and inactive forms 
always cause the same depression of the freezing-point, and 
therefore that the racemic forms in solutions separate into ^ 
their components This was observed first by Raoult^ with * 
racemic and tartaric acids (under 5 parts to 100 of water), also 
with their sodium-ammonium salts, and later in still other 
cases, as with the dimethyl esters of diacetyl racemic acid, 
diacetyl tartaric acid,^ isomtrosodipentene and isonitroso- 
limonene dissolved in glacial acetic acid.^ The identity of 
equally diluted solutions of racemic acid with d- and /-tartaric 
acid was found further in the agreement of the specific gravi- 
ties,^ the electrical conductivity,® and magnetic rotation,® 

The determination of vapor-density proved of equally 
little value Anschutz"^ found that diethyl racemate and 
d-tartrate have the same vapor-density, and consequently that 
the first substance, in case it exists as a racemic compound in 
liquid form, must have broken down into the two tartrate 
esters With the solid dimethyl racemate, whose melting- 
point (85®) is markedly different from that of the tartrate 
ester (45°), the decomposition appears to take place at the 
boiling temperature (158° at 11.5mm.), because this is the 
same for the two bodies 

In view of the fact that the densities of diethyl racemate 
'and tartrate in liquid condition are the same, I. Traube® 

T- Raoult Ztschr phys Chem , i, i86 
2 Pulfnch; See AnscMtz Amn Chem (I#iebig), 247, 121. 

8 Wallach* Ibtd , 346, 231. 

♦ Perkin J. Chem Soc , 53, 362, Marchlewski. Ber d chem Oes , 35, 1556 
8 Ostwald. Ztschr phys Chem , 3, 371 
8 Petkin Loc cit 

" Anschutz Ber d chem Oes , 18, 1397 
8 I Traube i llnd , 39, 1394, 
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comes to the conclusion, aided by the atomic constants pro- 
posed by him,^ that the molecules of all three bodies are simple, 
and therefore, that the liquid ethyl racemate is a mixture of 
the two tartrate esters. 

In the same way, Traube draws the conclusion from the 
densities of the crystalline racemic acid and tartaric acid, that 
both bodies have the same molecular weight, which cor- 
responds to the formula (C^HgOg)^. This reaction of changing 
solid racemic acid or its salts into the mixture of tartrates 
I, see §27) would not, therefore, be represented by d + i= dl, 
but by dd + ll = ^dL 

21. Crystalline Form and Water of Crystallization. — In the union 
of enantiomorphous antipodes to forma racemic compound, 
the following cases may appear 

I. A body of different composition maybe formed by the 
loss or addition of water of crystallization. A change in 
crystalline form natuially results with this ^ 

For example 

Tartaiic and racemic acid Crystalline form 

Active, CtHgOg monoclitnc-hemimorphous 

Racemic, C^HgO,, -f- H^O • tnclinic-liolohedral 

Sodmiii-aiumonium tartrate and racemate Crystalline form 

Active, NaNH^C^H^Og -f' 4H2O rhombic-lieniihedial 

Racemic, NaNH^CiH^Og Hfi monoclniic-holohedral 

2 The composition may remain unchanged. Even then, 
as observation has shown, the crystals of the racemic com- 
pound belong to a crystalline group different from that of the 
active forms. For example 

Sodium taitrate and racemate Crystalline foim 

Active, NajjCjHiOg f rliombic-heiniliedral 

Racemic, NaaC^H^Og -|~ 2H2O ..monoclinic-liolohedral 

Carvonetetrabroiiude Crystalline form, 

Active, CioHjj^Br^O rliombic-henxihedral 

Racemic, CjoHi^Br^O monoclinic-liolohedral. 

It appears that in some unusual cases the crystalline system 
mayiemain unchanged, the group only being altered. For 
example: 

1 Traube Ber d chem. Ges , aS, 2724, 2728, 2924, ap, 1023 

a These data are from Rammelsberg’a “ Handbuch der kryst and phys Chemie/’ 
Vol II (1882), and from Webisch’s “ Grundriss dei phys Kryst.” (1S96) 
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Potassium autimouyl tartra,to an4 raoemaft CrystalLiue form 

Active, KSb0C4H40fi + i 1^2^ rhombic-hemihedral. 

Racemic, KSb 0 C 4 H 40 e + J H 2 O • rhombic-liolohedral 


While the active antipodes belong always to one of fV' 
crystalline groups described in § 5 the racemic forms axe 
always found in one of the 21 of the 32 possible groups 
in which hemihedral forms are excluded. In these differences 
we have the most decided charactenstics of true racemic com- 
pounds. 


The amount of water of crystallization in racemic forms 
may be the same or greater or less than in the active forms. 
In these relations there is no fixed rule. We have, for 
illustration 


Tartaric and racemic acid, CiH^Og 

Ammon, tartrate and racemate, (NH4)a ^411400 

Potass tartrate and racemate, K2C4H4OB 

Sodium tartrate and racemate, Na2C4H40(5 

Thallium tartrate and racemate, ThC4H40a 

Sod -ammon tartrate and racemate, Na(NH4)C4H40e 
Potass, lithium tartrate and racemate, KIviC4H40f, 
Potass antimon tartrate and racemate, KSbOC4H4O0 
Calcium mannonate, CatCeHiiOT)^ 

Strontium gly cerate, Sr(C.jH504)2 

Banum gl> cerate, Ba(Cj,H;i04)2 


Racem Active 
+ HaO •— 
+ 2H2O — 

-f 2H2O 
+ 2 H 2 O 2HaO 
f - 1H,0 

H ,0 4H4O 
V H ,0 H ,0 

H- iH,0 

-f — 2H,0' 
-i- 

-t- 


22. Density. — The specific gravities of the active isomers and 
of the racemic form of a number of crystalline bodies have 
been determined by Liebisch** and by Walden.’^ The observa- 
tions have shown that the densities for the d- and /-modifica- 
tions, which were always found to be the same, were in most 
instances smaller than that for the corresponding racemic form. 
In some cases the reverse was found to be true, while perfect 
agreement may also occur In the following table, which pre- 
sents these three cases, the amount of increase or decrease in 
passing from the active to the racemic form is given The 
observations by Walden give values of d^: 

1 Fischer Ber d chem Ges., 33, 37S 

8 Praukland and Appleyard J Chem Soc , 63, 310 The I<i, Mg, Ca, Zu and Cd 
salts of active and racemic glycenc acid have the same water of crystallization. 

« lyiebiach (see Wallach) Aun, Chem (I^iehig), a86, 139 
* Walden Ber d chem Ges , 1692 
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Active 

forms 

Ra- 

cemic 

form 

Change 
in per 
cent 

ob- 

serve 

Taitaric acid, anhydrous racemic acid 

1.759 

I 788 

+ 

r 7 

I/. 

Tartaric acid, anhydrous racemic acid 

I.7SS 

1.778 

+ 

13 

W. P 

Malic acid 

I 595 

I 601 

+ 

0.4 

W. 

Camphoric acid 

I 188 

r.228 

+ 

3.4 

W. 

Isocamphoric acid 

I 243 

T 249 

+ 

0.5 

W. 

Limonene (dipentene) tetrabromide 

2 134 

2 225 

+ 

4.3 

L, 

Carvoxime 

I 108 

I 126 

+ 

I 6 

L 

Fenchoneoxime 

1.117 

r 142 

+ 

2 2 

h. 

/3-Isofen choiieoxime 

I 134 

I i8o 

+ 

4 I 

Iv. 

Carvoiie tetrabromide from carvone * 

2 2428 

22495 

+ 

03 

h 

Sobrerol 

1.128 

r.131 

+ 

03 

L 

Chlorsuccimc acid 

1.687 

I 679 

— 

05 

W 

Bromsuccinic acid 

2 093 

2 073 

— 

I.O 

W 

Glutaniinic acid 

1 538 

I 

— 

I 8 

W 

Mandelic acid 

1 341 

I 300 

— 

3 I 

w. 

Carvone tribromide from liydrocarvone . . . . 

1 958 

1-958 

0 

Iv 


111 those cases m which the specific gravity of the racemi< 
bodies is greater or less than those of the components, it ma3 
be safely assumed that the fiist represent tiue chemical com 
pounds. If they were merely mechanical aggregations, the 
same behavior should be expected as with isoniorphouf 
mixtures, the densities of which, as is well known, an 
additive properties, that is, as the densities of the isomers an 
the same, that of the raceme body should also be the same. A 
contraction or dilatation, on the contrary, points to chemica 
combination 

23, Solubility. — As far as observations have shown the racemic 
compounds, as a rule', are less readily soluble than the active 
* forms. Numerical results have been given for the following 
substances; 

i Peikiii J Cliem 800,51,366 
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100 Parts of solvent dissolye at 

^ % 


d 


Active 

forms 

Racemic 

form. 

Olaserver. * * 

Tartanc acid 
and 

anhydrous racemic 
acid in water. 

o® 

20 

40 

6o 

8o 

100 

115.0 pts 

1394 

1760 “ 
217 6 
273*3 “ 

343.5 ‘‘ 

8.2 pts. 
17.0 

370 “ 
645 “ 

981 “ 
137*8 “ 

Leidi^^ C. r , 95, §7 

Glycenc 
acid salts 
(anhy- - 
drous) m 
water 

rMg(C3HA)2 
Ca “ 

Ba 

Zn 

Cd 

20 

20 

20 

20 

20 

43 05 

932 “ 

50.15 “ 

39.03 
85.00 “ 

22 78 “ 
3.85 “ 

6.60 

3*87“ 

4 43 “ 

Frankland and Apple- 
yard. J. Chem. Soc., 
63, 310 

Potassium methoxy- 
succinate in water. 
Calcium methoxy- 
succinate in water. 
Calcium ethoxysucci- 
nate in water 

l6 

14 

15 

d 14 4, / 13 9 

5.41 “ 

415 ** 

30“ 

046 “ 

063 “ 

Purdie and Walker 

J Chem Soc , 

63, 222, 233 

Calcium gulonate in 
water 

15 

58 “ 

16“ 

B Fischer Ber., 25, 
1028 

Calcium galactonate, 
in water 

TOO 

50 “ 

22-25“ 

B Fischer and Hertz 
Ber , 25, 1253 

Leucine in water 

— 

244 “ 

0 98 “ 

Walden Ber , 29, 1702 

Inosite in water 

— 

ca 50 “ 

456" 

Walden* Ber , 29, 1702. 

Camphoric acid in water 
“ “ alcohol 

20 

15 

6.96' “ 
112 “ 

0 239^ “ 

33 “ 

^ Jungfleisch 
“ Aschan 

From Beilsteiu, Org Ch. 

Isocamphonc acid in 
water 

20 

0 347 “ 

0 203 “ 

Aschan* Stud Campher- 
gruppe. 

Camphoronic acid in 
water 

20 

168 “ 

3 72 “ 

Aschan; Ber , 28, 16. 

Isopropylphenylglycol- 
ic acid in alcohol 

13 

47 4 “ 

21 6 “ 

Fileti J. prakt Chem., 
[2], 46, 561 


The lower solubility of the racemic compounds is shown in 
many cases by the formation of a crystalline precipitate when 
concentrated solutions of the active forms are mixed. This is 
6 


% 
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true, for example, of concentrated aqueous solutions of tartaric 
acids (Pasteur),^ of alcoholic solutions of camphoric acids 
(Chautard)^ and of many derivatives of the limonenes as the 
nitrosochlondes, nitrosates, hydrochlornitrolbenzylamines, 
hydrochlomitrolanilides, dissolved m alcohol (Wallach),® and 
the a-nitrolpiperidmes dissolved in petroleum ether ( Wallach) , 
Likewise, from a mixture of the methyl alcohol solutions oJ 
d- and /-dimethyl tartrate, the less soluble racemate estei 
crystallizes at once (Anschutz) ® 

This rule of the lower solubility of the racemic compounds 
is, however, not without exceptions Thus, the two active 
of-limonenebenzoylnitrosochlorides are less soluble m acetic 
ether than the crystalline dipen tene compound (Wallach) 
8.64 parts of the active mandelic acid, and 15 97 parts of th< 
racemic acid dissolve in 100 parts of water at 20* 
(Tewkowitsch) ' 100 parts of water dissolve only o 084 par 

of /-silver valerate at 20°, but 1.181 parts of the racemic sal 
at the same temperature (Schutz and March wald) ® d~ and/ 
dimethyldiacetyltartrates are less soluble m benzene, than th< 
diacetylracemate ester (Anschutz) ® d- and /-barium cam 
phoronates form difficultly soluble precipitates, while the r-sal 
is easily soluble in water (Aschan),^” Nearly complete agree 
ment in solubility was found for d- and r-conine, 100 parts o 
water dissohdng 1.80 parts of the first and i 93 parts of th 
second at 19 5° (Ladenburg) 

The solubility of the racemic compounds may be modifie* 
also by the fact, that even in a concentrated solution they ar 
not in unchanged condition, but are partly dissociated int 
their antipodes This has been shown for racemic acid, a 
mentioned, and also for its sodium-ammonium salt which, eve 
in strong aqueous solution, may be completely split up int 
the two tartrates See §27 . Temperature of Transformatior 

1 Pasteur Dissymxuetne moleculaire, i860 

2 Chautard Compt rend , sd, 698 

8 Wallach Ann Chem (I^iebig), 370, 195 
* Wallach Ibtd , 352, 125 
8 AnschuLz Ber d chem Ges , 18, 1398 
8 Wallach Aun« Chem (niehig), 370, 177 
T newkowitsch Ber d chem Ges , 16, 1566 
8 SchUtz and Marckwald Ihtd , 39 , 58 
8 Anschutz Ann. Chem (I,iebig), 347, ii6 
10 Aschan Ber d chem Ges ,38, 16 
lyadenburg , Ibtd , 38, 165 



24. Melting-Point.— Tie det 3 ertnii^ tie meMn^-poWfe^' 

of a^ive and racemic forms of many crystallizable substances, 
Have failed to show any regularities. In some cases, tie 
melting-point of the racemic compound is higher tyt of 
the active components, while in other cases the reverse is true. 
The melting-points may also be the same. As may be seen 
from the table below, quite different groups of bodies are 
found in each of the three classes : 



Active 

forma 

Ra- 
cemic , 
form { 

DiflF. 

C^jserver 

• A Melting-point higher for the racemic than for the active form. 

Tartaric acid, racemic acid 
+ H,0 

170° 

1 

1 

204° 1 

34“ 

Walden : Ben, ag, 1701. 

Malic acid 

100 

1305 

305 

Walden Ber , 29, 1698. 

Dimethyl tart and racem • • 

45 

85 

40 

Anschutz Ber , x8, 1307. 

Methoxysuccinic acid . . 

89 

108 

19 

Purdie and Marshall • Ch. 

Isopropylphenylglycolic 
acid 

1 

153 5 ! 156 5 

3 

Soc 63, 217 

Filetti Gazz. ch , 22, II, 

Galactonic acid, lactone | 

90 

92' 

122 

125' 

33 

395 

^Schnelle and T. L. 
Ann ,271, S3 ^Fischer . 

Mannitol 

1635 

168 

45 

Ber , 25, 1247 

E Fischer Ber , 23, 370, 

Mannoheptitol . .. . 

187 

203 

3S3 

16 .Smith L Ann , 272, 189. 

Mannonic acid, phenylhy- 
drazide 

215 

230 

15 

E Fischer Ber., 23, 378. 

Mannoheptomc acid, phen- 
ylhydrazide 

220 

225 

5 1 Smith L Ann., 272, 185, 

Mannoheptosephenylosa- 
zone 

203 

210 

8 

186 

Smith * L Ann., 272, 187, 

Galactosephenylosazone . - . 

195 

206 

II 

188. 

E Fischer Ber., 25, 1256. 

Gnlonic acid, phenylhydra- 
zide • 

148 

154 

6 

E. Fischer : Ber., 25, 1029. 

Camphoric acid 

187 

202 

15 

Walden : Ber., 29, 1700. 

Isocamphonc acid * • • • * • - * 

1715 

190.5 

19 

Walden : Ber., 29, 1701. 

Dimonenetetrabromide. • - - • 

105 

124 

r9 

Wallach : Ber , 24, 1559. 

Dimonene-a-nitroXpiperi- 
dide 

94 

154 

60 

Walladt :Ber., 24, 1^9. 
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Active 

forms 

Ra- 

cemic 

form 

Dxff 

Observer 

I,imonene-l3-nitrolpipen- 

dide* 

1110° 

1 

152“ 

42° 

Wallach Ber., 24, 1559 

Bimonene-ct-nitrolanilide ..! 

I13 

126 

^3 

Wallach . Ber , 24 j I 559 

Lrimonenecarvoxitne i 

72 

93 

2T 

Wallach Ber., 24, 1559 

Limonenehydrochlomitrol- 
anilide 

II7»5 

140 

22 5 

Wallach B Ann , 270^ 

Limonene-tt-nitrolbenzyl- 


92-S 

1 

109.5 

17 

194. 

Wallach . L. Ann., 270, 

Limonenehydrochlornitrol- 
benzylamine 

03 5 

150 ! 

46 s 

192 

* 

Wallach . Ann , 270, 

l^enchone-i3-isoxime 

137 

x6o 5 

23.5 

192. 

Wallach : L Ann , 272^ 
108 

Fenchylphenylsulfourea. . 

152.5 

169 5 j 

17 

Wallach • L. Ann , 272^ 
108 

iS-Carvonepentabromide . 

865 

97 ^ 

105 

Wallach L Ann , 286, 

Caronesemicarbazide . • . - 

168 

178 

10 

123 

Baeyer Ber , 28, 640 

a-Pipecolinehydrochlonde . 

190 

205 

15 

Marckwald . Ber , 29, 46 

a-Pipecolinepicrate 

116 s 

127 s 

11 

Marckwald : Ber ,29, 46. 


B Melting-point of the racemic lower than for the active forms. 


Chlorsuccinic acid 

176° 

153 5® 

225° 

Walden* Ber , 29 1699 

Bromsuccinic acid 

172 

r6o 5 

“ 5 

Walden Ber., 29, 1699 

Glutaminic acid 

202 

198 

4 

Walden Ber , 29, 1700 

Mannoheptonic acid, 

diAQ 




lactone | 

1 154 

85 

67 

1 

Fischer and Smith* 

Ann , 272, 182 

Glncosediphenylhydra- 




i 

zone 

162.5 

132.5 

30 

Fischer* Ber., 23, 2620. 

Mannoheptose-phenyl- 

196— 




hydrazone < 

175.5 

23 

Fischer. Ber., 23, 2226; 

l 

200 



Iv. Ann , 272, 182. 

Mannitoltnbenzacetal . - . * 

207 

191 

16 

Fischer: Ber., 27, 1524, 

Mandelic aad 

132 8 

118 

00 

M 

Ivewkowitsch: Ber., 16, 





1566. 

Limonene-/3-nitrolanilide . . 

153 

149 

4 

Wallach. Ber., 24, 1559. 

“ -hydrochlorcarvoxime 

135 

125 

10 

Wallach; Ber., 24, 1559, 

“ a-benzoylnitrosochlo- 





nde .... 

1095 

90 

195 

“ L. Ann,, 270, 171 






Active 

forms 

Ra- 

cemic 

form. 

Piff. 

Observer 

Penchylalcohol 

40"^ 

34°' 

6° 

Wallach:L Aiin.,a72, io8. 

-oKime • • ^ ^ - 

160.5 

X59 

X5 

If Ann., 272, 108. 

** -a-isoxime 

1 14.5 

98.5 

16 

“ I^, Ann , 272, 108. 

Oxybenzylidene-fen- 





chylamine 

95 

64.5 

305 

“ 1/ Ann., 272, 108. 

/3-Carvonetetrabromide . . . 

I 2 I 

108 

13 

1/ Ann., 286, 12 I. 

«-Carvonepentabromide. * . 

142.5 

125 

17-5 

** I/. Ann., 286, 122. 

Carvonesemicarbazide .... 

162 5 

X55 

75 

Y. Baeyer: Ber., 28, 640. 

a-Pipecoline salts, 





CeHigN HAtiCh 

131 5 

118.5 

13 

Marckwald. Ber., 29, 46 

(CeHuN), HjPtCle 

194 

186 

8 

Marckwald. Ber , 29, 46. 

(CjHjbN HI)CdCli ... 

147 

13X 

16 

Marckwald Ber , 29, 46, 


C Melting-points of the active and racemic forms the same. 


Galactonic acid phenylhy- 
drazide 

200^-^-205® 

Fischer. Ber , 27, 3225 

Gulomc acid, phenylhy- 
drazide 

147-149 

Fischer Ber , 27, 3225 

Phenylgulosazone • . • 

157-159 

Fischer Ber , 25, 1030 

lyimoneiie-a-nitrosochlo- 
ride . . . 

105-104 

Wallach Lf Ann , 252, 

^-Monobromcamphor 

92 4-92 7 

III, 125 

Kipping and Pope J 


Chem Soc , 67, 372 


In the cases of those racemic bodies whose melting-points are 
found to be lower than those of the components there is the 
possibility that they are not compounds but mixtures, as this 
relation is characteristic of mixtures In fact this has been 
4iroved in the case of gulonic acid lactone. A mixture of 
^equal parts of the antipodes gave on evaporation of the aque- 
ous solution at first an inactive crystal mass, the melting-point 
of which (i6o°) was much lower than that of the active 
forms ( i8i° ) But it was recognized that this could not be a 
racemic compound because by repeated fractional crystallization 
it could be split up into antipodes ‘ Possibly the same condi- 
tions will be disclosed by fuller investigations of other sub- 
stances in group B. See § 32. 

1 Fischer and Stahel Ber d chem. Ges , 24, 534 i Fischer and Curtiss Ber d chenu 
Ges , 2St 1025 ^ 
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In those cases in which racemic bodies have about the sam 
melting-point as have the components, it is also probable tha 
they are merely physical mixtures The conditions the 
resemble those which Kiister^ found in isomorphous mixture 
where the melting-points lie between those of the constituenti 
Then again, a change in the melting-point has been foun 
in certain substances. Wallach observed^ that the melting 
point of racemic ^-carvonepentabromide, which was aboi 
96^-98° at the start, and quite different from that of th 
components (86®-87'^), becomes lower by repeated crysta 
lization of the preparation. It appears here that a partii 
decomposition of the racemic compound must have taken plac< 
Walden has called attention to the parallelism betwee 
specific gravity and melting-point of the optical modifications 
A consideration of the above tables shows in fact, that wit 
those bodies m which the specific gravity of the racemic fori 
is greater than that of the active components, the same relatio 
holds for the melting-points, and vice versa. 

2. Liquid Racemic Compounds 

25, On mixing equal amounts of the antipodes of liqm 
substances it may happen that immediate solidification to 
crystalline mass takes place, which is inactive in solution ; i 
such case a true racemic compound certainly is formed. Th 
occurs, for example, by pouring together of d- and /-caron- 
oxime (v. Baeyer)/ 

If, on the other hand, the inactive mixture remains liquid 
it is uncertain whether it should be considered as a racem 
compound. There is evidently no ground for this, if it 1 
found that the physical properties of the mixture are tl 
same as those of the components. This has been observe* 
for example, with limonene, also with carvone, in respect 
specific gravity and boiling-point (Wallach),® conme, wil 
respect to specific gravity, boiling-point and solubility (I^ade 
burg)/ further with the esters of /- and inactive glyceric ac 

Kustei . Ztschr, pliys Cliem., 5, 6oi , 8> 577 
2 Wallach Ann. Chem (I/iebig), a86, 138 
8 Walden; Ber d chem Ges., ap, 1704. 

* V. Baeyer . Ibtd,^ aS, 640. 

B Wallach Ann, Chem, (I^iebig), a86, 138 
0 I^adenburg • Ibtd , 347, 81 ; Ber d, chem Ges., a8, 163, 
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and diacetylglyceric acid Frankland and (MacGregor).^ TJie 
agreement in the specific gravities of liquid inactive and active 
isomers, leads to the conclusion that the inactive forms must* 
be considered as mechanical mixtures, as I. "Fraube has shown by 
the aid of his atomic constants and molecular covolume data.® • 
Such inactive mixtures may differ in chemical behavior, 
from their components, d- and also /-limonene are trans- 
formed by bromination into rhombic-hemihedral crystals of 
the tetrabromide, melting at 104®, while the mixture of the 
two isomers (dipentene) furnishes rhombic crystals melting at 
124®, which are less soluble in ether than the first, and which 
form a racemic compound (dipentene tetrabromide) (Wallach).® 
The racemization probably begins here, however, with the for- 
mation of the crystalline compound, and the behavior noted 
gives no proof therefore that the dipentene is already a real 
combination of the antipodes 

Elevation of the boiling-point could be taken as an indication 
of raceme formation, but this has not yet been observed in 
a single case with certainty, experiment showing always 
practical agreement in this factor Besides, even with true 
racemic compounds, the possibility is present of finding not 
their own boiling-pomt, but that of the components, because 
at the high temperature necessary, dissociation into the last 
may take place 

The temperature changes observed on mixing active isomers 
have been employed to decide the question under discussion. 
In this regard, the following facts are to be considered • 

If the two antipodes unite to form a real racemic compound, 
which immediately separates in crystalline form, the increase 
of temperature observed is due partly to the heat of formation 
and partly to change in the state of aggregation. This is, for 
example, the case when concentrated solutions of d- and l- 
tartaric acid (Pasteur), or and /-limonenetetrabromide in 
ether, are mixed * With the tartaric acid there is also the 
heat of hydration, in consequence of forming racemic acid, 

c,ha + h,o. 

Frankland and MacGregor • J Clieni Soc , 63, 511 
3 I Traube Ber d chem Ges., ap, 1394 
« Wallach Ann Chem, (I^iehig), a86, 138. 

* lyadenburg Ber d chem Ges„ a8, 1994 
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If the two antipodes are themselves liquid substances, and 
if no solid racemic body separates on mixing them, then a 
change of temperature may be due : first, to the heat of solu- 
tion or dilution, or, secondly, to the possible formation of a 
liquid racemic compound 

Regarding the heat of solution observed on pouring together 
two miscible liquids, this may be shown according to the 
nature of the substances, and the proportions even, in a 
decrease of temperature as well as by an increase As 
investigations of Bussy and Buignet,^ and also of Favre,^ have 
disclosed, the heat effect bears no definite relation to change 
of density which takes place Thus, alcohol and ether mixed 
with contraction, carbon disulphide and chloroform with expan- 
sion, but in both cases there is a decrease m temperature If 
alcohol and chloroform be mixed in different proportions, there 
is always contraction, but m spite of this, reversed temperature 
changes may be found, as shown by the following example 


Mismg proportions 

6 mols chloroform -f- i mol alcohol 
mols chloroform -f I mol alcohol 
I mol chlorofoi m -h 6 mols alcohol 


Temp change 
- 2 5 ° 
o o 

4 4 2 ^^ 


^ In general, as late investigations of Ladenburg’ have also 
shown, large changes in volume seem to correspond to large 
temperature changes If the contraction or dilatation is very 
small, that is, if the specific gravity of the mixture is very 
nearly that of the mean calculated from the mixing pro- 
portions, a very small temperature change is in general noted 
as m the case of methyl and ethyl alcohol, isobutyl and iso 
amyl formate, xylene and toluene, and soon (badenburg) 
But, on the other hand, large temperature changes have beei 
observed , thus, on mixing two volumes of ether with lhre< 
volumes of carbon disulphide there is no change of volume 
but notwithstanding this, there is a fall of temperature of 3 6 
(Bussy and Buignet), and this is the case with some ver 
similar liquids, such as flf- and/-conine, with which badenbur^ 

J Bussy and Buigrnet Jahresbericht, 1864, 62 to 69 Ann cluni phys , [4], 4, 5 
Favre Jahresbericht, 1864, 66 Coiupt rend., 59, 783. 

* I,adenhurg Ber. d chem Ges , 38, 1991 

* n;adenburg fd/d,, 38, 164 
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found a fall of temperatmfe j 4^;^ Bat and /-limonene 
mix without apjaredable change of tenq)erature.* 

As the above relations show, the temperatttre diatiges 
accompanying mixing or solution are of such different 
that the heat effects in consequence of a real combination of 
the antipodes may be quite uncertain. Therefore, neithra* an 
increase nor decrease of temperature which may be observed on 
mixing two active isomers, may be taken as definitely 
indicating the existence of racemization 

Finally, it may be remarked, that it has been fotind 
impossible through cryoscopic measurements also to prove 
racemization in liquid inactive bodies Thus, Frankland and 
Pickard^ found the simple molecular weight for the inactive 
methyldibenzyl ester of glyceric acid dissolved in acetic acid, 
benzene, nitrobenzene or ethyl bromide 


26. The following may be given as the principal results of 
all of the above comparisons of the properties of racemic com- 
pounds with those of the active modifications 

t. True racemic compounds are found onh among cr\ 
lizable substances They have always a different cr>stalline 
form, and often an amount of water of crystallization different 
from that of the active isomers Further, they show, as a 
rule, deviations in respect to specific gravity , inelting-ix.nnt 
and solubility, but often in different directions 

2. Inactive crystalline masses may be sometlme^ simple 
aggregations or growths of mixed enantiomorphic active 
crystals 

3. The existence of liquid racemic compounds is improbable, 
and up to the present time has not been shown. 

The question as to whether an inactive body is a racemic 
compound or racemic mixture is besides, in many cases* only 
of secondary importance Both forms may be split up into 
opjbical antipodes in the same way, and in this we have ^ 
that is really important in the respective substances, that is, 
their distinction from inactive configuration isomers. 

1 nadenburg Ber d chenu Ges , aS, 1994 

2 Frankland and Pickard * J Cbem, Soc., 69, laS. 
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C. Formation of Racemic Bodies 

Racemic bodies may be produced in the following ways : 

I By direct combination of the active antipodes. 

2. From one of the active forms by action of higher tem- 
perature 

3. By the chemical transformation of asymmetric bodies 
into asymmetric denvatives. 

4. By the conversion of inactive symmetric bodies into 
asymmetric compounds. 

27. Production of Racemic Bodies by Combination of Equal 
Amounts of the Antipodes. Temperature of Transition. — Certain 
phenomena may appear here which belong in the class of 
chemical equilibrium reactions, the important characteristic of 
which IS, that for them a definite temperature exists which, 
if passed in the one direction or in the other, leads to the 
transition of one system of bodies into another or the reversion 
of the latter into the former Thus, the breaking up of a 
racemic body into its antipodes is possible, or, on the other 
hand, the reproduction of the racemic from the antipodes 
The transition temperature has been determined in but two 
cases * 

First with sodium ammonium racemate and the two cor- 
responding tartrates When Pasteur permitted a solution of 
racemic acid which was saturated, half with soda and half with 
ammonia, to evaporate spontaneously, he obtained separate 
crystals of the d and I double tartrate salt. But on repeating* the 
expenment, it did not always succeed ; thus, StaedeP observed 
only the formation of the racemate Scacchi’* first noticed 
that the kind of crystal which separates depends on the tem- 
perature at which the evaporation takes place, and Wyrouboff® 
then determined 28° as about the limiting temperature above 
which racemate, and below which, on the contrary, the 
tartrates, crystallize out. A complete explanation of the 
phenomenon was first given by van* t Hoff and Deventer,* when 

1 Staedel Ber d chem Ges , n, 1753 (1878) 

2 Scacchi Rendiconti dell Accad di Napoli, 1865, 250 

8 Wyrouboff Bull Soc dum , 45, 52 (1886) ; Compt rend , 102, 627 

< Van’t’Hoif and Deventer Ber d chem Ges ,19, 2148 (18B6); Ztschr phys Cli«m , 
I, 165 
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they showed that w^ have*^ tb 4^1 ’^th a process here which 
can also take place outside of solution. If a finely powdered 
mixture of equal parts of right and left sodium ammoniunjf 
tartrate, NaNH^C^H^Og + sealed in a tube and 

exposed to a temperature whict is kept below 27°, it remains 
quite unchanged ; but above 27° the formation of crystals of 
the racemate, NaNH^H^g + HjO, sets in, water being 
liberated at the same time which partially liquefies the mass. 
On the other hand, if powdered sodium ammonium racemate 
be mixed with water below 27° in the proportion of 
2(NaNH^C4H40g + HgO) bHgO, the semi-fluid mass which 
forms at first, solidifies after a time to a dry mixture of the 
two tartanc acid salts. Above 27° this does not happen. The 
two reactions may be expressed by the following equations in 
which T = C^H^Og : 

stable below 27® Stable above 27* 

d NaNH4 T + 4H2O \ ^ ir [NaNH^ T t 

/ NaNH^ T + 4H2O i I 6H,0 

The change of one salt into the other may be recognized by 
aid of a dilatometer, which is filled partly with a mixture of 
the two tartrates and partly with oil, the slow formation of 
the racemate between 26 7° and 27 7° is accompanied by a 
marked increase in volume 

Further investigations of van’t Hoff, Goldschmidt and 
Jorissen^ showed that the sodium ammonium racemate 
(NaNH^C^H^Ofi + Hp), when heated to about 35°, under- 
goes a further change as it breaks up into sodium racemate 
and ammonium racemate, according to the equation 

aCNaNH^rH^Ol^ = [Na^T^L + [(NH^),^], + 4H2O. 

Sodium ammonium racemate can exist in solution, therefore, 
only within the narrow temperature hmits of 27® to 35° 

Again, it can happen that the separation of the double 
racemate may fail when a mixture of d~ and /-sodium ammo- 
nium tartrates is exposed to a temperature higher than 27®, 
for example, to 30°, and instead a separation of crystals follows, 

I consisting of a mixture of sodium racemate and ammonium 
racemate as in the last case. This is especially true when 

1 van’t Hoff, Goldsdimidt and Jonsse^. Ztschr^ pIljs, 49 ^ 



92 


FORMATION OF RACBMIC BODIBS 


crystals of the last named salts are added to the solution. 
The change may be represented in this wayi 


i/2[NaNH*r+4H20]\ 
I 2[]SraNH4r+ 4H2O] J 


i [(NH,) 3 r], 
1 16H2O 


The methods by which the transition temperatures of 30° 
and 35° were established consisted in tensimetric observations 
and determinations of solubility 

Analogous relations, according to experiments of van*t 
Hoff, Goldschmidt and Jonssen,^ have been found to exist in 
the case of the potassium sodium racemate [KNaC^H^Og + 
3H20]2, descnbed by Wyrouboff,* and d- and /-Rochelle salt, 
RNaC.HPe + 4H2O. A solution formed from the racemate 
or from the two tartrates is found in the following conditions 
according to the temperature 

I. Below about — 6 "* d- and /-potassium sodium tartrate exist 
in solution together 

2 From about — 6® on the combination to potassium sodium 
racemate begins, and especially on an addition of small crystals 
of this salt 

d KNar -h 4H,0 \ ^ f [KNa T -{- aHaO]^ 

/KNar-f4H20/ 1 2H2O 


3. The double racemate exists up to the temperature of 41°, 
from thatpomt it decomposes into the sodium racemate, [NagT'J^, 
and potassium racemate,, + 2H20]2 according to the 

equation 


2[KNa7'-h 3H,0]2 = [Na^r], -f- [K,r -j- -f SH^O 


4. If the formation of the potassium sodium racemate from 
the two tartrates fails, which may happen by excluding every 
trace of the first named salt, a conversion of the tartrates into 
potassium racemate and sodium racemate is possible. This 
takes place at a temperature of 33°* 


iar 2 (ENar 4 - 4 H 20 )'> 
/ 2 (KNar-|- 4 H 20 )i’ 


[K3Z+ 2HaO]2 
12H2O 


Therefore under varying conditions very different salts 
crystallize from the solution. 


may 


i van »t HofF, Goldschmidt and Jonssen Ztschr phys Chem 17, 505 
- WyroubofF Ann chim phys [6], p, 224, 
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Exact knowledge of extends only to 

the two salts just described. ' > 

With a number of substances it has been observed that when 
mixed solutions of their antipodes are allowed 'to evaporate ^ 
under ordinary conditions of temperature active crystals only^ 
never racemic, are formed. Thus, Piuttf did not succeed in 
uniting d- and /-asparagine to form a racemic compound, while 
it was possible with d- and /-aspartic add. As already 
remarked, according to Fisher and Curtiss,* the lactone of d- 
and /-gulonic acid separates in independent enantiomorphous 
crystals, while, on the other hand, a racemic calcium salt and 
phenylhydrazide may be obtained. It has likewise been found 
impossible to obtain by crystallization racemic forms of several 
other bodies, as the zmc ammonium salt of active lactic add, 
glutaminic acid, glutaminic acid hydrochlonde, homo-aspartic 
acid and camphoric acid In all of these cases it cannot be 
assumed that the antipodes do not possess the property of 
uniting to form a racemic body, knowledge of the transition 
temperatures simply is lacking 


28. Production of Racemic Bodies from One of the Active Forms 
by Heat. — By long application of heat, many active substances 
suffer a gradual decrease m their rotating pow’er, without - 
undergoing a change in composition It was at first supposed 
that a destruction of the active property took place, but the 
phenomenon was later recognized as one of racemization. In ‘ 
consequence of the enlarged atomic motion by increase of 
temperature, a conversion into molecules of the opposite modi- 
fications follows until finally a condition of equilibnum is 
established, in which just as many molecules of the d-form 
are changed into the /-form as vzce versa, that is, in w’hich the 
mixture consists of equal amounts of the two antipodes. Van ’t 
Hoff® has treated the question from the standpoint of thermo- 
dynamics. 

The phenomenon was first observed by Pasteur^ in the case 
of tartaric acid, when he heated (/-cinchonine tartrate five or 

1 Pmtti Ber d cheni Ges , 19 , 1694. 

3 Fischer and Curtias Ber d chexn. Ges., ^5, xo^ 

a van 't Hoff I^agerung der Atome ijn Ramn, ed., p 33- 

4 Pasteur Compt rend., 37. 162 (1853) 
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six hours to a temperature of 165*^ to 175° iu an oil-bath The 
alkaloid was. changed first, being converted mainly into cin- 
chonidne, and then the production of racemic acid gradually 
followed, which was recovered by conversion into the calcium 
salt. /-Cinchonine tartrate behaves in a similar manner The 
alkaloid takes no part in the reaction, it only protects the 
tartaric acid from destruction by the heat. The formation of 
racemic acid follows also when dry tartaric acid is heated to 
170° to 180®, and likewise, by boiling its aqueous or weak 
hydrochlonc acid solution several days, which, however, 
brings about a conversion of only a few per cent.^ Raceniiza- 
tion follows almost completely on heating 30 grams of tartaric 
acid with 3 or 4 cubic centimeters of water for thirty hours to 
175° (Jungfleisch) ^ Further, tartaric acid, in the form of its 
ethyl ester, is very easily changed by boiling into racemic acid 
(Pasteur).® The addition of several bodies aids the change ; 
when tartanc acid is mixed with some aluminum tartrate and 
heated in an autoclave to 140° a conversion into racemic acid 
follows quickly, but some mesotartaric acid is produced at the 
same time (Jungfleisch) * 

Racemization by high and long heating in closed tubes has 
been observed in other substances, as 

U Aspartic Acid . — ^The transition takes place easily when 
an aqueous solution of the hydrochloric acid compound is 
heated some hours to 170® or 180*^ (Michael and Wing)/’ 
d~ and l-Mandehc Acid — Small amounts (3 or 4 grams) of 
the dry substance, thirty hours to 160° (Tewlcowitsch).® 
d- and Ulsopropylphenylglycohc Aad ^ — Heating for forty 
hours with water to 180° or 200° (Fileti)."^ 
d-Camphoric Acid . — Heating with a little water to 170® or 
180° (Jungfleisch,® Friedel) ® 

^ The active terpenes suffer a decrease in rotation when 

1 Dessaignes Jahresbencht, (1856), 463 , (1863), 301 
* Jungfleisch Compt rend , 75, 439, 1739 

3 Pasteur Loc cit 

4 Jungfleisch Compt rend , 85, 805 

6 Michael and Wing Ber d cbem. Ges , 17, 2984 
8 newlcDwitsch Ibtd , 16, 2721 

7 Piled Gazz chim ital , 33, II, 395, 

® Jungfleisch Jahresbencht, (1873), 631 

8 Pnedel Compt rend , 108, 978 
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heated to about 250° to S 9 <fi &0w at ^ tiuje aa 
elevation in the boihng-pdnt and specific g^mvitsr, fnxm which 
it follows that pol3anerkation as well as racennzatkm has 
taken place, d- as well as /-limonene and pmene are convesrted 
into dipentene, partly also into terpinene ( Waliach). 

The temperature of racemization is not in all cases as hig h 
as for the bodies given above As Walladi* found, d- aM 
/-limonene hydrochlonde have the property of changing ♦ 
gradually even at the ordinary temperature. A preparatkm 
which was examined when produced, and after having been 
kept several weeks showed a decrease in rotation from [u]/, 

= + 39-5° to 6.2°, which, as could be demonstrated, was due 
to the conversion into the dipentene compound. Besides, the 
boiling-point of the substance, which was originally 97 5®, 
increased to about 170° (under ii mm.), which indicated 
polymerization at the same time 

In some cases it has been observed that racemization is 
hastened by addition of certain substances and is completed at * 
a much lower temperature As already mentioned tartaric 
acid in presence of aluminum tartrate is easily converted into 
racemic acid Active amyl alcohol w’hen heated alone must be 
maintained a long time at 250° to 300® to lose its rotating 
power, but on treatment with sodium or with caustic jxitash 
the change is much more rapid, from the inactive product , 
obtained dextroamyl alcohol could be separated by aid of 
fungi (he Bel) ^ On repeating this experiment Borucki' found 
that when amyl alcohol was heated with potash in an auto- 
clave during ten hours to 160° the angle of rotation, for i 
dm , decreased from i 01° to o 10®, and that by heating under 
ordinary pressure with renewed alkali, complete inactivity 
resulted only after 465 hours According to Walden* almost 
perfect inactivity may be reached much more rapidly by dis- 
solving one-tenth its weight of sodium in the amyl alcohol and 
heating then 3^ hours to 200® or 220° in an autoclave. Erlen- 
meyer and Hell* have observed that by treating //-valeric add 

1 Wallacli Ann Chem (tiebig), ajo , 190 

a Bel Bull Soc. Chun , [a], as» 545- 

® Borucki Inaug. Diss , Berlin, x866, CentihL, x887» SS® 

4 Walden: Ztschr. phys. Chem., 17. T” 
s Brlenmeyer and HeU. Ann 3^ 
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from fermentation amyl alcohol with a few drops of stror 
sulphuric acid and heating then ^ hour in a sealed tube 
250° complete inactivity resulted Whether this was due 
racemic formation or not was not established. Active leucii 
which is not changed by heating with water to 170^-180° 
converted by addition of baryta water at i5o°~'i6o° into the 
compound (Schulze and Bosshard) ^ The racemization < 
terpenes is hastened by addition of sulphuric acid, either co' 
centrated or diluted with alcohol (Wallach).’* 

29. Racemization by Conversion of Asymmetric Bodies in 
Asymmetric Derivatives. — If an active molecule retains its coi 
stitution in a chemical change, that is, for example, if a chan^ 
of an acid into ester, salt or amide, or of an alkaloid into 
combination with an acid is concerned, the activity is alwa^ 
retained This is the case also with simple transitions, as < 
active amyl alcohol into valeric acid, camphor into cainplioi 
acid, asparagine into aspartic acid and maleic acid, amygdal 
into amygdalic or mandelic acid, etc. 

But under certain conditions the product may be iiiactiv 
This is particularly the case in the production of derivativ 
in which the atoms directly united to the asymmetric carbr 
take a part in the reaction. If, for example, in active inal 
acid, CO.H — OH — CHjj — COjjH, the h^^droxyl gioup 
combination with the be replaced by Br by aid of hydr 
bromic acid, racemic bromsuccinic acid, COjjH — ‘I'CH.Br- 
CH^ — COaH, results (Kekiild).’’ Further, /-valeric aci' 
(CgHg)— *CH— (CHa)(C02H), is converted completely in 
racemic bromvaleiic acid, (C^Hg) — 'J^CBr — fCH.,)(CO.jII), 1 
treatment with bromine and phosphorus at a low temperatu 
followed by heating to 100° (Schiitz and Marckwald).'' Tl 
same active valeric acid when oxidized in aqueous solution I 
potassium permanganate yields racemic oxyvaleric aci 
(C,H,).*COH.(CH,)(CO,H). 

In changes like the above, by keeping the teniperaUire.s 
low as possible, the racemization may be often prevented ai 

1 Schul^-e and Bossliard* Ztsclir. physiol, Chem , lo, 135. 

3 Wallach Ann Cliein (I^ieWg), aay, 283, 339, 11 
Kekulfi; Jbtd , 130,25 

* SchtitK and Marckivald: Ber d. cliem Ges,, ap, 58. 
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an active derivative obtained. Walden^ succeeded in con- 
verting maleic aqid into dextronaonpcblorsuccinic acid by the 
action of phosphorus pentachloride with addition of chloroform ^ 

which prevented .the temperature from exceeding 62®. By the 
same process* (PCI5 or PBr^ and CHClg) he converted a 
number of hydroxy acids or their esters directly into active 
halogen derivatives, as, for example, /-dimethyl and diethyl 
malate into dextrobromsuccinic esters , ^/-diethyl tartrate into 
/-ethyl monobrommalate ; /-ethyl and propyl mandelates into 
dextropheiiylchloracetic esters ; /-mandelic acid into ^/-phenyl- 
chloracetyl chloride, CeH5.CHCl.COCl (by heating with PCI5 
to 160° under a return condenser without addition of chloro- 
form); /-calcium lactate (without chloroform) into ^-chlor- 
propionyl chloride, CHg CHCl COCl * 

The same reactions which bring about racemization when 
taking place at the *C permit the formation of active 
derivatives from " active substances when the *C remains 
untouched If the substance contains several *C atoms, at 
least one of them must be excluded from the reaction 
if active derivatives are to be secured From borneol, 

C^oHi, OH, active bornyl chloride, CjoH^Cl, is produced by 
action of HCl or PClg (Kachler).* Camphor furnished 
by action of bromine active bromcamphor, CioH^gBrO 
(Montgolfier)/ In the oxidation of active substances with 
permanganate, active oxidation products result in many cases ; 
thus, chitenine, CigHggNjO^, from quinine, CgoHa^NgOgCSkraup),® 
chincotenine, CjgHjoNaOg, from cinchonine, CigHaaNgO (Hesse).® 

30. Production of Racemic Compounds by Conversion of Sym- 
metric Bodies into Asymmetric. — If a symmetric compound, 


Rg—C— R8» 111 consequence of the substitution of one of the two 
radicals by be converted into an asymmetric com- 

1 Walden : Ber d. chem Ges , a6, 210 
9 Walden * /bid , aS, 1287 
8 Kachler * Ann Chem (I^iebig), ip 7 » 93 
* Montgolder* Ann chlm phya,, [5], i 4 , 140, 

6 Skwp i Anh. Chem> (I<ieh;g), 199 , 344 
B nfia#. 333' ' 
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R. R, 

pound, the formation of both R3— C— and R^— C— R^ is pos- 

» R2 R, 


sible. On account of the symmetry of the original molecule 
there is no reason why one of these antipodes only should be 
formed , on the contrary, the production of both with equal 
rapidity should take place, and the resulting product would be 
racemic The correctness of this view has been shown by 
experience, as it has been possible to prove that the inactivity 
of all asymmetric bodies which have not been made from active 
ones, depends in reality on the production of racemic forms 
While it is true that not all of these inactive products have 
been split up into their antipodes, enough such reactions have 
been carried out to show the generality of the rule 


31, Racemic Compounds from Right- and Left-Rotating Isomers 
of Different Configurations.— Such bodies, which should be active, 
have not yet been produced lyieberniann^ obtained, by 
evaporating an ethereal solution of equal weights of 
flf-cmnatnic acid dibromide ([^]v) = + 64°) and /-allocinnannc 
acid dibromide = — 70°), a residue which on treatment 
with carbon disulphide could be separated into the components 
E Fischer^ has attempted to combine compounds with each 
other whose configurations present only partially the object- 
reflection relation, as is the case with 


rf-Glucomc acid 
COOH 

H— OH 

HO-L— H 

H— d:— OH 

H— i— OH 


CH.OH 


AMannonic acid 
COOH 

H— OH 

H— 1;— OH 

HO— d— H 

3— d— H 

,OH 


HO- 


XJL 

d^HaC 


From a mixture of equal parts of the two acids which wai 
evaporated to a sirup, pure /-maiiiionic acid lactone oiil] 

1 niebermaiin Ber d chem des , 27, 2045 
® Fischer . Ibtd , 27, 3226 
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separated, and from a mi^cture of the caldttm salts, rf-caldtun 
gluconate crystallized first. 

The oppositely rotating forms of camphoric add and iso- 
camphoric acid do not unite to yield a racemic compound 
(Aschan).^ 

A tendency, therefore, toward the formation qf such half- 
racemic bodies does not appear to exist. 

* 

D. Resolution of Racemic Bodies 

For the decomposition of racemic bodies into the anti- 
podes, we have as yet three methods, which were all dis- 
covered by Pasteur, and first applied to racemic acid. These 
are 

I Resolution by crystallization. 

2. Resolution by aid of active compounds 

3. Resolution by aid of fungi 

The principles underlying these methods have been explained 
already and it remains to discuss in this chapter the practical 
methods of carrying out the processes 


I. Resolution by Crystallization. Spontaneous Resolution 


32. This process depends on the facts that racemic com- 
pounds in solution, under proper temperature conditions, break 
up into their antipodes and that these last may be separated by 
evaporation of the solution in the state of enantiomorphic 
crystals which may be sorted out by aid of the characteristic 
planes into active right and left forms Equal amounts of the 
two antipodes are obtained The transition temperatures 
explained in § 27 must be considered as these are different for 


different substances 

The method was first applied by Pasteur^ in 1848 for the 
splitting of racemic acid in the form of sodium-ammonium 
salt and may be best earned out in the following manner An 
aqueous solution of racemic acid is divided into two parts, one 
being saturated with sodium carbonate or hydroxide and the 
other with ammonia in excess. The mixture, is th^ 


1 Aschatx Ber d chem Ges , *7, 2001. 

2 Pasteur Ann chun ph^fs fsli 442 (184?) 
8 Pasteur Ibid , a8, 56 (1850)^ 
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rated on the water-bath until crystallization begins on cooling. 
The crystals are redissolved by the aid of water and a little 
ammonia after which the solution is allowed to stand in a wide 
crystallizing dish for spontaneous evaporation As explained 
in § 27 the temperature must be kept below 27®. It is advi- 
sable to remove a part of the crystals each morning, because, 
in consequence of the rise of temperature diinhg the day, 
partial solution might follow with loss of the hemihedral faces. 
As the solution gradually loses ammonia a little must be added 
from time to time, sufficient to maintain a weak alkaline 
reaction The separated crystals which are illustrated in Figs. 
4 and 5, and which often reach a length of several centimeters, 
are removed from time to time by the aid of pincers and sorted 
out after examination with a magnifying glass. If the indi- 
vidual crystals have grown together or are united into groups 
it is best to bring them into solution by adding a little water 
and warming and then repeat the whole crystallization. The 
separation of the d- and /-sodium ammonium tartrate is facili- 
tated by placing the two kinds of crystals in the evaporated 
liquid at the start and as far apart as possible 

Very often the crystallographic examination is difficull 
because the hemihedral faces are but imperfectly developed, 01 
cannot be found at all In such a case the question as tc 
whether a crystal consists of the right or left tartrate or o 
the racemate may be decided by a procedure suggested b^ 
Anschutz' which depends on this that the calcium racemate i,- 
much less soluble than the two calcium tartrates. The mo the 
liquor is separated from the crystals by washing with a littl 
w’ater» a fragment is dissolved in a small volume of water an< 
the solution is divided into t’wo parts. One part is mixed witi 
about 3 cc. of a saturated solution of dextro-calcium tartrat 
and allowed to stand some time, if a precipitate appears 1 
shows the presence ot the left tartrate. If a precipitate doe 
not form and if the other half of the liquid gives a precipitat 
with a solution of levo-calcium tartrate the presence of th 
right tartrate is indicated, finally, if precipitation takes plac 
in both cases, racemic acid is shown to be present in thecrysta 

As Pasteur* found, the d~ and /-tartrates separate always i 

1 Anschuts! Ann Chem (Liebig), aa6, 193 

* Pasteur Ann chim pbys [3], 34, 458 
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exactly equal amoutits at auy* fmnt hx the cf ystallization, for 
if at any time the whole mass of ctystala be removed and dis- 
solved in water the solution will be found to have no rotating 
power, and the mother-liquor likewise not. The two salts 
must therefore possess exactly the same solubility, Jung- 
fleisch, on the contrary, believes^ that the right salt is less 
soluble than the left, inasmuch as he found more of the first 
in the early part of the crystallization, and more of the second 
in 'the last part 

The separation of the two tartrates may be accomplished as 
Gernez^ found, in this way* The original solution prepared by 
" heat is carefully kept free from crystals of the salt or from 
dust and allowed to cool down until it reaches the super- 
saturated condition, when a few crystals of the d- or /-sodium 
ammonium tartrate are thrown in Then the separation of the 
corresponding salt follows, while the other remains in solution 
• Besides racemic acid the following racemic bodies have been 
resolved by crystallization 

r-Fermentation lactic acid^ in the form of its zinc-ammonium 
salt, -f sH^O, which breaks down into the 

d- and /- lactates, ZnNH^CCaHgO^Ja + 2H5JO (Purdie This s 
takes place when to a concentrated solution of the racemic 
compound, brought to supersaturation by cooling, crystal frag- 
ments of one of the lactates are added, which brings about a 
separation of the corresponding salt. The crystal fragments 
needed for this are prepared by splitting the r-lactic acid by 
means of the more easily performed strychnine method If 
th§ solution of the r-zinc-animonium salt alone be allowed to 
crystallize spontaneously at the ordinary temperature most of 
the salt separates as such. 

Solutions of the following four compounds furnish 
simultaneously crystals of the d- and /-modifications, which 
can be distinguished crystallographically, when their aqueous 
solutions are allowed to evaporate at the ordinary temperature. 

dUGulonic aad lactone y formed by mixing the antipodes 
(Fischer and Curtiss).^ Racemi<l||rystals are not formed. 

1 Jungfldsch* Bull, Soc. Chun [2], 41, 226 
s Gemez. Compt rend , 631 843 
« Purdie, J Chem Soc , 63, 1144 to 1151 
^ Fischer and Curtis : Bdr. d. chem, Oes , 35, 1046 
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dl-A^paragine by action of ammonia on esters of maleic and 
fnmaric acid (Korner and Menozzi)/ or from the antipodes 
(Piutti).® Racemic crystals are not formed under the same 
conditions 

r-Homoasparhc aad, formed by the action of alcoholic 
ammonia on the ethyl esters of citra-, mesa- and itaconic acids 
(Korner and Menozzi).^ 

r-Glutamtmc ^^flffromr-glutamide (Menozzi and Appiani).* 
The holohednc crystals of the r-acid on repeated crystallization 
from water yield crystals with nght- and left-hemihedral sur- 
faces. 


2, Resolution by Active Compounds 

33* This method is based, as explained in § i8, on the un- 
equal solubilities shown by the salts of a d- and /-acid with 
the same active base (alkaloid), or of a d- or /-base with the 
same acid {e.g tartanc acid) It was first applied by Pasteur^' 
in the decomposition of racemic acid, by which he found that 
when a hot aqueous solution of the acid was mixed with 
molecular proportions of different cinchona bases to saturation 
there separated on cooling, not the racemic acid, but the tartaric 
acid salt ; with quinine or quinicine the first crystallization con- 
tained ^/-tartaric acid, but /-tartanc acid, on the contrary, 
with cinchonine or cinchomcine I^ater the method was 
applied to the resolution of many other racemic acids, and of 
these, first to malic acid by Bremer® in i88o. Then it was 
used with bases, and first with synthetic conine whose resolu- 
tion was earned out by Ladenburg^ in i886 by means of.^/- 
tartanc acid. The process, which has already rendered good 
service in many instances, aids especially in the separation of 
the component in the less soluble salt in pure condition, while 
on the other hand, the punfication of the component remain- 
ing in the mother-liquor offers, frequently, considerable diffi- 
culty, as It cannot be easily separated from the first. But in 

1 Koraer and Menozzi Ber d chem Ges,ai, Ref 87 

2 Piutti: /did, 19, 1694. 

3 Korner and Menozzi * Ihtd.^ 27, Ref tzi 

* Menozzi and Appiani . Ihtd , 34, Ref 399 , 27, Ref 121 

6 Pasteur Compt. rend , 36, 197; 37, 162, Ann chim phys [3], 38, 437 

6 Bremer Ber. d cliem Oes , 13, 352 

’ I^denburg Ihtd^ 19, 2582 



most cases, it is a question of secqiing one of the antipodes 
only, the second being obtainable in some other way. 

a. Resolution of Racemu: AcHs Aid of Alkaloid 

As remarked in §i8, the alkaloids exhibit no regular 
behavior with respect to whicb erne of the optical modifications 
of an acid they unite with, to form the less soluble salt ; the 
same base precipitates the desalt of one acid, and the /-salt of 
another But in the case of the cinchona bases, the rule 
appears to obtain, that if those of the formula C,gH„NjO 
(cinchonine, cinchonidine, cinchonicine) precipitate the 
/-modification, then those of the formula (quinine, 

quinicme, quinidine) yield the less soluble salt with the 
^/-modification In general, by preliminary tests, it is neces- 
SQ.ry to find the most suitable alkaloid, that is, the one which * 
yields vrell crystallizable salts with the acid m question 

At present, in the splitting of the acids, the following 
alkaloids, which are all monacid bases, are most commonly 
employed 

Ct?ic/wmne — Crystallized — 294 Dextrorota- 

tory Difficultly soluble in cold or w’arm water Soluble at 
20° in 126 parts of alcohol of 84 per cent by volume 

Cinchonidine —Crystallized : " 294 Levorotatory 

At 10° soluble m 1680 parts of w^ater or m 19 7 parts of So 
per cent alcohol by volume. 

Quinine . — Crystallized H- — 37S Levo- 

rotatory, soluble in 773 parts of boiling water and 111 i 13 
parts of absolute alcohol at 20*^ 

Qmnidiiie . — Crystallized . Hj ,0 — 369. 

Effloresced = 360. Dextrorotatory 

Soluble in 750 parts of boiling water and in 26 parts of 80 
volume per cent, alcohol at 20®. 

Strychm7ie. — Crystallized: CaiH^NaOj = 334. Levorotatory. 
Soluble m 2,500 parts of boiling w^ater. Insoluble in absolute 
alcohol. Soluble m 120 parts of cold or in 10 parts of boiling 
alcohol of 80 volume per cent* 

CrystalHzed- C*H«N, 0 , + 4 H ,0 = 446- Levo- 
rotatory. Soluble in 150 parts of boiling water, easily adafale 
in alcohol. 
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Crystallized: C„H„N03 + H ,0 = 303 -Levo- 
rotato^ Difficultly soluble in cold, readily soluble in hot 
water Soluble in 40 parts of cold or in 30 parts of boiUng 

absolute alcohol 1 4.4. 4. 1 .4.1. 4.1 

The alkaloids and racemic acids, the latter taken with the 
simple molecular weight, have been usually combined in the 
* molecular proportions of i.i With the monobasic acids the 
neutral salts are formed, and with the dibasic acids, acid salts, 
which have the advantage of easier crystallization. In some 
pqgpg (-35 racemic acid, cinnamic acid dibromide) it has been 
found advantageous to take 2 molecules of acid to i of the 
base, which leaves half of the acid and in form of one of the 
antipodes, mainly in uncombined condition. 

The crystallization of the less soluble salt and its separation 
from the more soluble one, is accomphshed in several ways, 
, depending on the nature of the substances . (i) By cooling 
the hot saturated solution; (2) By slow evaporation of the 
solution at the ordinary temperature and fractional crystal- 
lization; (3) By aiding a crystal of the less soluble salt to 
the strongly concentrated or supersaturated solution (sowing, 
inoculation) It has been found here, that crystals may be 
used, which do not contain the modification of the acid to be 
separated, but the one with opposite rotation. For example, 
the addition of a crystal of /-cinchonine malate to a solution of 
racemic cinchonine malate causes a separation of the n^-salt, 
a phenomenon which Bremer' has explained from the obser- 
vations of Grottf on quartz, sodium chlorate, and sodium 
periodate, to depend on the tendency .shown by enantio- 
morphous crystals to form twins consisting of the oppo,sitely 
rotating varieties. 

Below IS given a r 4 sum 4 of the racemic acids which have 
been split by the aid of alkaloids, along with a discus.sion of 
the most important observations made in the experiments. 

Racemic acid, as is well known, was first broken up by 
Pasteur with initial separation of : 

1 Bremer Ber d diem Ges ,13, 352, 

2 Groth Pogg Ann , 158, 214 
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Proportions usod. 

^ ' Base Acid 

- a 1?he Martrate 

By cinchonine from alcoholic solution^ i ; i 

cinchonicine from aqueous solution^ .... i : i 

d The d?^-tartrate 

By quinine from alcoholic solution^ . . • i . i 

. quimcine from aqueous solution* i * i 

brucine from alcoholic solution^ / ^ ^ 

I 2 . I 


For the separation of the /-acid, which is always the desired 
product, cinchonine serves best and may be used with advan- 
tage in the manner suggested by Marckwald* in which for 2 
mols of C^HgOg == 300. I mol of CigHaaN^O = 294, that is 
about equal weights of each, is taken To the boiling aqueous 
solution of the racemic acid the cinchonine is added in small 
portions, and enough water then to maintain a clear solution. 
On cooling /-cinchonine tartrate crystallizes out, and after 
standing a day, may be filtered off The yield is about two- 
thirds of the theoretical After a second crystallization from 
hot water the salt is decomposed by ammonia, and from the 
solution separated from the cinchonine by filtration the /-tar- 
taric acid is thrown down by lead acetate The lead salt is 
decomposed by hydrogen sulphide, or with larger amount, 
better by dilute sulphuric acid for recovery of the free acid 
From the mother-liquor of the /-cinchonine tartrate, which 
contains mainly the free A^-acid along with small amounts of 
the /-acid and the cinchonine salts of both, crystals of acid d- 
cinchonme tartrate separate after a time and can be worked 
up for recovery of the base The liquid filtered from these is 
divided into two halves, one of which is exactly saturated with 
soda and the other with ammonia, and after filtration of the 
separated cinchonine, these are united and concentrated by 
evaporation. After cooling flf-sodium ammonium tartrate 
crystallizes first. The mother-liquor is then allowed to evap- 
orate until a portion tested in the polariscope is found to be 
inactive or slightly levorotatory. The racemate is now pres- 
ent which can be converted intJ free acid and treated anew 
with cinchonine. 

1 Pasteur. Ann, cJiittt. phys., Lsli 38, 457* 

a Pasteur: Compt rend , 37» 1^2 

8 Marckwald. Ber. d cbei^u, Oes , ap, 4a. 
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Malic aad — ^The r-acid obtained by reduction of racemic 
acid by means of hydriodic acid, was converted by Bremer' into 
the acid cinchonine salt, and to the concentrated solution a crys- 
tal of the acid cinchonine salt of coniinon malic acid from 
mountain-ash berries was added. Crystallization followed, and 
after conversion into acid ammonium malate funiivshed this salt 
in the right-hand modification As the corresponding salt of 
ordinary malic acid is levorotating in all concentrations, *■’ this 
shows the production of the antipode. From the mother- 
liquor of the rf^-cinchoiiine malate, the ordinary /-acid ammo- 
nium malate could be obtained, but not in pure condition 

Methoxysziccmic acid, CO3H— CHCO.CH^)— CH — CO.,H — 
a, with cinchonine, i ; i, in aqueous solution evaporated over 
sulphuric acids yields first crystals of the acid r/-salt, and from 
the mother-liquor, the /-salt Both antipodes are obtained 
pure (Purdie, Marshall and Bolam),” 

b, with strychnine, i i in water The /-salt is somewhat less 
soluble. The concentrated supersaturated solution was ti eated 
» with a crystal of the /-salt, which caused .sepaiatioiis of the 
corresponding compounds. Both antipodes weie obtained 
pure (Pui'die and Bolam).' 

Ethoxysiiccmic acid mih. cmc/ionidme, i * i. Cry.stal.s of the 
fl?-salt separate first on cooling the hot aqueous solution 
(Purdie and Walker) 

Isopropoxysticcinic acid with strychnine. With the liase and 
acid in proportion, 2 i, the neutral /-salt crystallizes finst, and 
then tli^ ^/-salt. With i ; i the acid /-salt seiiarates first, 
while the rf-salt forms an uncrystalhzable sirup, which can be 
brought to crystallization by conversion into the neutral salt. 
Both antipodes are pure (Purdie and Bolam).“ 

Pyroiarianc acid with strychnine, 1:1. By evaporation oi 
the aqueous solution, the rf-salt separates first. By repeated 
crystallization, separation of the acid and reconversion intc 

1 Bremei * Ber, d. chem. Oes., 13, 351. 

« See Schtieider Ami, Cliem. (I 4 ebig), a07, 274. 

Purdie and Marshall . J. Clieni. Soc„ 63, aiy ; Purdie and Bolain : 67, 944 

** Purdie and Bolain \ fbtd.j 67, 946, 

» Purdie and Walker t IbH,^ 63, 236, 

® Purdie and Bolatn : /iid., 67, 952. 
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the Strychnine salt, the ^^-add was obtaiiied in pure condition, 
but not the /-acid (I^adenburg).^ 

Lactic add with strychmne^ 1:1. The aqueous solution sub- 
jected to fractional crystallization gave, at first, products which 
on conversion into the ammonium or zinc salt yielded these in 
the right-rotating form, that is, they contained the /-acid. From 
the last crystallizations, the ^-acid (salts, levorotatory) was 
obtained By repeated crystallization of the strychnine salts, 
both antipodes were obtained pure (Purdie and Walker).^ 

a-Oxybtiiyric aad, CHg.CHj CHOH.COgH, with hnidne 
The salt of the /-acid crystallizes first (Guye and Jordon) ® 

Valeric acid, CHg— CHa-^CH.CHg— CO,H, (from ethyl- 
methyl malonic acid) with hrudne i i On cooling the 
solution prepared by the aid of heat, the /-salt separates first. 

By oft-repeated recrystallization of the less soluble fractions, 
(/-salt) the rotation of the liberated acid was brought up to a 
maximum = — 1785°) The ^-acid could not be 

obtained in the same strength The reason for the difficult 
separation is found in the fact, that d-, /-, and r-brucine 
valerate are isomorplious with each other The crystals are 
monoclimc hemimorphous (Schutz and Marckwald).'^ 

Galadonic acid with strychnine . — The lactone of the r-acid 
IS dissolved in 70 per cent alcohol and boiled with an excess 
of finely powdered strychnine. The filtrate is evaporated 
after addition of water, which throws out part of the base, to 
the condition of a thin sirup On cooling, fine needles 
crystallize which consist largely of the ^/-salt, the same is true 
of the second crystallization ^ The mother-liquor contains the 
/-salt Both antipodes are secured by repeated recrystallizations 
of the strychnine salts. The lactone of the d-Sicid rotates 
strongly to the left, that of the /-acid to the right (Fischer).® 
Mannonic acid with morphine — From the solution obtained 
by boiling the r-acid with morphine the ^-salt, after evapo- 
rating to a sirup, is separated in the form of crystals which are 

1 nadenburg • Ber. d chem, Ges , aS, 1170 
a purdie and Walker J Chem. Soc , 61, 757 
8 Guye and Jordon ; Compt rend , rao, 562, 

^ Schiitss and Marckwald Ber, d, ohem Ges , ap, 52 
0 M Fischer /dtd,, ag, 1:256 < 
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freed from mother-liquor by washing with methyl alcohc 
The rf-salt only may be obtained pure (Fischer).' 

Mandehc acid with cinchonine, i : i . This is dissolved 
boiling water, and after cooling a crystal of the </-salt is adde 
and the hquid allowed to evaporate. The yield of the o'-sc 
IS about 8o per cent, of the theoretical. After evaporati< 
and long standing, the mother-liquor depo.sit.s crystals of tl 
/-salt. The rf-acid may be obtained pure, but the /-acid 
best made from the amygdalin (Tewkowitsch).' 

Tropic acid, CjH5.*CH.CHjOH.CO.^H, with quinine i . 
If the base, dissolved in dilute alcohol, be added to a h 
aqueous solution of the acid, and the mixture evaporated 
ioo°, to beginning crystallization, the rf-salt seiiarates in ]n 
white crystals. The mother-liquor on further conceiitrati' 
leavestan oil which gradually solidifies to gla.ssy ciystiils 
the /-salt. Both salts may be purified by recrystiillizatic 
For the^Z-acid, [«]/) = + 71°: the /-acid could not be obtain 
pure (lyadenburg and Hundt).’ 

Phenyl-aP-dtbro 7 npropio 7 nc acid (cinnamic acid dibroinidi 
CjHj *CHBr *CHBr.C05H From the r-conipound the follt 
ing difficultly soluble salts were separated: 


With cinchoume, i base : 2 acid, 

fiolu alcohol solution the Auck 

“ cinchomdine, i “ ; i “ 

beu/XMu* 

“ “ /-acn 

“ quinidine, i “ ; i “ 

“ alcohol 

“ “ fZ-acic 

“ strychnine, i “ : i “ 

t( li 

“ “ /-acK 

strychnine, i “ .2 “ 

<t K 

“ “ fAacic 

brucine, i “ * 2 “ 

<( n 

“ fAucii 

With strychnine and 2 molecules of acid 

the neutral .s. 


C2jHjjNjOa.CjH„BrjOj, is always precipitated. 

The separation of the pure antipodes which was undertal 
by Tiebermaiin" by the strychnine method is difficult. It is I 
to proceed in this way: Dissolve 20 grams (2 inols) of 
annamic acid dibromide in 400 cc. of absolute alcohol and 

1 i^ischer; Ber d. chem, Gea., 93, 379, 

2 I^ewkowitsch • Ibid,^ 16, 1573, 

8 I^adenburg and Hundt* Ibid , aai, 3590. 

* ^rleumeyer, Jr.: Ibid , 1659; Hirsch ; Ibtd., ay, 887. 

6 Hirsch Ibtd , 37, 888. 

« I, Meyer, Jr . Ibid., 35, 3 MI| l/lebermann \ Ibid,, ad. 947 . 

T Hltsch- tbid., aj, 887. 

‘ Ifleljeimaiin: IM., a6, h? and 839 
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then II gramm e r mol) ci strychmne as follows^ Dissolve the 
alkaloid by aid of heat in an excess of hydrochloric acid and 
while still hot add excess of ammonia, -which yields a crystal- 
line easily filtered precipitate. This is washed with a little 
water and alcohol, and then, after puncturing the filter-paper, 
is washed into the cinnamic aad solution by the aid of 220 cc 
of absolute alcohol. After solution is effected by aid of heat, 
the mixture is allowed to stand about twenty hours, in which 
time 20 to 25 per cent, of the acid separates as strychnine salt 
of the ^-form, (With i molecule of base to i of acid the /- 
form separates first.) For separation of the free acid the salt 
is suspended in water, acidified with hydrochloric acid and 
shaken with ether, and the ethereal solution, after a second 
shaking with water, evaporated The highest observed rota- 
tion amounts to == + 68 3 for 12 to 15 per cent solution 
in alcohol. From the mother-liquor, after a second treatment 
with strychnine (i of base 2 of acid), more of the ^-salt and 
then the salt of the /-acid may be obtained The latter acid 
has been secured, however, with rotation up to = — 

45.8® only 

Allocinnamtc acid dtbromtde could be separated by aid of 
cinchontdine in benzene solution from which the salt of the 
/-acid crystallized The highest observed polarization of the 
acid was = 83 2®. The rf-acid could not be obtained 

pure (lyiebermann^). 

Phenyl- a (i-dichlorpropto?ttc acid, (cinnamic acid dichloride) 
with sbychnine. i molecule of base, (40 grams) and i molecule 
of acid (45 grams) , dissolved in 500 cc of 99 5 per cent, alcohol 
gave crystals of the d-sslt after standing 40 hours. By 
separating the acid from the crystals, and treating again with 
strychnine, the ^/-acid was directly secured with maximum 
rotation ^he mother-liquors from the first separation, after 
four treatments with strychnine, furnished the pure /-acid 
(Dieberinann and Finkenbeiner).® 

Phenyldtbrombuiyric aad (phenylisocrotonic acid dibromide) , 
CeHfi.^CHBr *CHBr.CH2.C02H, with bruane, i . i. From 
the alcoholic solution, the ^-salt separates on standing, the 

1 I^ielsermaim . Ber. d. ch^m. Ges,, 27, 2041 

a I^iebennan aii 4 FibkNfaJier J 5 ^. cl. Ges » 883 , a 7 i 889. , f 
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crystallization being induced by rubbing with a glass rot 
The yield is about three-fourths of the theoretical, h 
extracting the salt with enough hot alcohol to leave uboi 
one-third undissolved, it may l)e obtained in (juite i>in 
condition. On evaporating the mothor-li(]uor to dryness, tl 
/-salt separates, partly crystalline. With the jn’o]iorti« 
of I molecule of base to 2 of acid, a small amount of tl 
rt^-salt .separates, but in purer form (L Meyer and vStein).‘ 

Phenyl-a-bromlacticaady I 11 

with cinchonine. The rf-salt crystallizes in white needles lYt) 
the solution iii absolute alcohol ; the much moie sulnl 
/-salt is obtained as a sirup which finally solidifies to a hoii 
mass (Erlenmeyer, Jr ).** 

hopropylphenylglycolie acid^ CftH^.CjjH^.'^'CIIOH.CO d I . \vi 
guhmie and cinchonine. If one molecule of (luuiine and one 
the acid be dissolved in hot alcohol, and then tieatetl u ith 1 
water, and allowed to cool, the /-(ptiniiie salt sepaiates 'f 
acid IS liberated from t lie mothei -liquor and coinlaned ni 1 
aqueous solution with cinchonine. On cooling, the cinchoni 
salt of the rf-acid separates first (Kileti).‘‘ 

CH- Clln— »‘CII C(),H 

Dihydro-o-phihalit arid, II 1 , with \ftv 

cn-cii c--c()di 

7imc, i*i In fractional crystallization, the r/ salt sfpaia 
first from aqueous solution (Proost).** 

b Rci^olntnni of liace^nic ihiscs by Tariatit Add, 

Tins method, first applied by I/adenlung*’ foi the UumU 
up of synthetic coniiie, has been carried out ])y c<mvcil 
the racemic base by treatment witli ordinary ^/-tartaric a 
into a mixture of the bitartrates of the d* and /-bases { 
separating these by fractional crystallization. In this \va: 
was povssible to olitain more or less readily that modification 
pure form which was contained in the levss soluble sail, wli 
on the contrary, the other was always obtained in a coiidii 
with much lower rotation. In order to obtain the latter i 

1 Meyer and SLelu i Ber. d. chem, Oe»., *7, Kyo. 

a Eilenmeyer, Jr, j Ann, CUem. Cldeblg), 371, 139 ; Her. d. chem. Oe» , 34, jKj 
Filetl ; Ga!!». chtm, Ital., aa, 11 , 395 1 Ber, d, cliein. Gen., ad, Hef. By 
ProoBtt Ber. d, chem. Gen., a7, 3185. 

I^adeuburg, xq, 3583 
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in a pure state, Marckwald* suggested that the mother-liqums 
from the precipitation with //-tartaric acid be decomposed with 
separation of the base and that this by addition of /-tartaric 
acid be converted mto the /-bitartrate, which salt is now the 
more readil}" crystallizable In this way the separation of the 
antipodes IS complete. Other active acids than tartaric have^ 
not been tried as yet. 

The following racemic bases have been split. 

CH — CK CU 

a-Pip€coh 7 ie, CHg/ ^ \V-Tr* saturation of the 

racemic base with one molecule of tartaric acid in aqueous solu- 
tion, evaporation to a sirup and addition of a minute crystal - 
of //-conine-/f-bitartrate Ladenburg* obtained the salt of the //- 
base as a white tallow-like mass, while the /-base remained in 
the liquid pressed out After repeated crystallization of the 
solid salt pure d pipecoline could be separated by distillation 
with caustic soda (o'/) == 31 9® for i dm.), the /-base could not 
be isolated Marckwald^ added to the sirup of the //-bi tartrate 
of the racemic base crystals of r-pipecolme racemate 
(CgHpjN C\HgOb T- Hp, monoclinic) by which crystallization 
of //-pipecoline-^/-bitartrate (C,H,.N — 2 H_. 0 . mono- 

climc, hemimorphous) was induced This phenomenon is 
singular as the tw^o salts are different \\ ith respect to cry stal- 
line form and amount of water. By’ rubbing the crystal 
magma with a little water, draining w’lth the pump, dissolving 
m a little hot w^ater (about 4 cc to 10 grams of salt) and cool- 
ing the d-d salt w^as obtained perfectly pure After separating 
a further small amount of crystallizable substance from the 
mother-liquor, the separated sirup w'as distilled w’lth caustic 
soda and the collected mixture of a small amount of the //-base 
wnth much of the /-base W’as converted into bitartrate by the 
addition of /-tartanc acid Cry’stalsof /-pipecohne-/-bitartrate 
now^ separated By again separating the bases from the 
mother-liquor and treating first with the d- and then wdth 
/-tartaric acid a nearly quantitative separation of the r-pipeco- 
line into the active forms (or^) = db 32® for i dm.) was reached. 

1 Marckwald. Ber d chem Ges , 39, 43 
« jUidenbar£f Ann Chem (I^iebig}, a47, 65 
» Marckwald Ber d chem Ges^ ap, 43 
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^-Pipecoline. — Tlie sohitiou of the bitartrate evaporated on 
the water-bath, yields racemic crystals, but by slow evapo- 
ration m the cold, crystals of the /-base are formed. The 
</-base was not secured (Ivadenburg).* 

yCH,-*C.H.CaIl 5 

a-Ethylpiperidine, CHa<' ^ NH . — By the aid ol 

rf-tartaric acid, the fl?-base xiiay be obtained pure (Uidenburj^ )/ 

.CIV-cn.C,!!? 

ot-N-Propylpiperidbie^ Nil 

Synthetic conim. — This was obtained by Ladenl)urg* fnnii 
a:-propylpiperidine as follows ; To the concentrated, bttt not 
sinipy solution of the rf-bitartrate, small crystals oi tlu 
^-conme-rf-bitartrate were added. (These, as obtained b\ 
Schonu^ from natural conine, were rhombic crystals havinju 
the composition, + 2HjjO.) 

A crystal magma formed from which, b}’ piessing ant 
recrystallizmg, the rf-base was obtained pure, and showing tlu 
same rotating power as the natural conine, [ iS 

It IS also pOvSsible to evaporate the moderately dilute solntioi 
of the tartrates of the racemic base at the ordinary temperature 
and then purify by repeated crystallization, the crystals o 
rf-coiiine-^-bitartrate which separate first.'* The /-form wa* 
not obtained in pure condition. 

yCHa — »CH,Cn- 

Copellidine, Cna<' ^NH. — By evaporating tlu 

\^CH. Calif, -cn/ ^ ^ 

aqueous wSolution of the tartrates, the salt of the 
crystallizes first. The rotation of the alkaloid is [rr] [ 
36.5° The /-form was not obtain<;d pure (Levy and Wolffen 
vSteiii) 

hocopellidmc.--'$toxi\ the solution of the bilartrates, the sal 
of the /-base crystallizes first, [af]y, —25.9®. Therf-bas 
could not be obtained pure (Levy and Wolffenstein). 

Propylenediamme, CH,,— CH^NHa,— On mok 

i I^adenlntrg. Ber. d. chem, Gee., -17, 75, 

a I^adeiiburg! Ann, Cliem. (Webig), 347, 71 

8 lyadenberg ; Ber. d. chem. Gee., ip, 3582 •, Ann. Chem, <Weblg), *47, 85. 

< Schorm; Bcf, d. chem. Gee., 14, 1768. 

R I^adenburg s /di'rf,, 37, 3065. 

« Levy and Wclilenstein j /i/rf,, a$, 3370. 
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cule of the "base dissolved in water with two molecules of tar- 
taric acid deposits crystals on evaporating, which contain the 
/-base, [«]/> = — 20.96°. — ^The <f-base was not obtained 
(Baumann).* 


Qjj CH 

Tetrahydroquinaldine, CaH.<f * f — The aqueous 

\nH— *CH.CH s 

solution of the bitartrate yields monoclinic hemimorphous 
crystals of the salt containing the ^-base. The rotation of the 
base is [ajc = -|- se®". The /-base isnotknown (Tadenburg) 
[See below. Tr] , 

r, £-Tetrahydro 7 ictphthylen,edtamine.~'Th.t aqueous solution 
H NH. ^/-bitartrate, evaporated to a sirup, and 

H X/ ^ treated with a small crystal of rf-conine- 
C *C fl?-bitartrate, furnished a deposit of crystals 
which held the /-base Rotation of the salt 


nc 

H<1 


CH, 

CH, 


[of] ^ = — 7.5° for/ = 3 96 After standing 
V yv y - several months, the separated mother-liquor 
(2 C furnished crystals of the bitartrate of the 
NHjj H, rtT-base Rotation of this salt + 8 15° 

for p --- 2 44° (Bamberger) ^ 

a^Phcnylethylamine, C,H *CH CH, NH, —The separation as 
bitartrate was tried first by Kraft, ^ but without success, and 
later by Lovdn^’ who succeeded The concentrated hot solu- 
tion gave, on cooling, needle-shaped crystals with HgO, from 
which the impure, slightly dextrorotatory base was separated ; 
from the iiiolher-liquor prismatic anhydrous crystals slowly 
separated which furnished a strongly left-rotating base 


c. Resoluti 07 i by Stronger Acids 

Pope and Peachey” have recently suggested the use of strong 
optically active acids as agents of revsolution in place of tartanc 
acid, rf- (Of-chlorcamphorsulphonic acid, d- a- bromcamphorsul- 
phonip acid and ^-camphorsulphonic acid are compounds 
which suffer relatively great dissociation in aqueous solution 

1 Baumann : Bar, d. chem, Ges., aS, 1179 
9 radenburg ' /did., ai'7» 76 
8 Bambergar { /did,, 33, 291 
*1 Kraft ; /diW., a3i a/SS* 

B nov^tt : thid.i 23x3. 

0 pope and T aoc., 73, 893 and 75. 1066. 

8 i 
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and in their action with weak bases may be compared to the 
mineral acids. Among other applications the following may 
be quoted: 

Tetrahydropapaverine^ CjjoHggNO^ — By combining the 
racemic base in aqueous solution with the calculated amount 
of i/-^r-bromcamphor sulphonic acid and warming to effect solu- 
tion the combination, CgoHjgNOi.CioH^iBrO.HSOs, is formed. 
On cooling long needles of the /-salt separate, as this i.s the 
less soluble. On concentrating and cooling again more of the 
salt maybe secured. For the purifiedcry stals 30° 

was found In the mother-liquor the (f-salt is left but could 
not be obtained ni pure crystalline form. 

By decomposing the /-salt with ammonia the /-base is 
obtained [(x'}d = From the resinous ^-salt the corre- 
sponding base with = +153 7® was secured (chlorofuim). 

In the same resolution ^/-ar-chlorcampliorsulphonic acid was 
employed also with good results. 

The authors tried Reychler’s caniphorsulphoiiic acid, but 
the salts formed remained in a very soluble sirupy form and 
could not be well separated 

Tairahydroqtiinaldiney CioHi„N. — Tins was resolved by the 
aid of ^/-«r-broiiicamphorsulphonic acid as desciibed above. 
An alcoholic solution of the /-salt gave - + 41 5° h'oi 

the base, separated by distillation in a current of steam with 
a slight excess of .soda, [0^]^ — 58.12 was found. 

Camphoroxiine^ CjoHuj.NOH. — The racemic oxime wa.^ 
resolved by action of Af-camphonstilphonic acid. Sixty graiiu 
of the oxime and 90 grams of the sulphonic acid were mixet 
in boiling acetone. On cooling a crystallifie precipitate fornii 
and more may be obtained from the mother-liquor, Oi 
recrystallizing the whole of the fractions from boiling ethei 
two products are finally obtained, the less soluble being rf-cam< 
phoroxime </-cainphorsitlplionate, and the more soluble tin 
/-camphoroxime fl?-camphorsulphonate. For the first [a] 
-1-4.3° was found i»7So8 in absolute alcohol) and fo 
the oxime from it [«]/) — — 41.3'’. The oxime fron 
the /-camphor oxime d'-cainphor sulphonate gave = 
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Th^ resolution of a'-benzylpbenylallylmetliyl aminonium 
iodide was likewise accomplished by aid of <a^camphor sulphonic 
acid^ (see § 14) and very recently the same authors have 
described the resolution of an asymmetric sulphur compound 
by use of this optically active sulphonic acid.® This compound 
is methylethylthetine and from the bromide by addition of the 
silver salt of ^-camphorsulphonic acid the corresponding 
^-methylethylthetine ^-camphorsulphonate was obtained. 
This has the composition: 


C10H15O.SO8- 


X 


CHaCO^H 

CH, 


By decomposing the alcoholic solution of this salt by addi- 
tion of hydrochloric add and platinum chloride, the platinum 
compound, 


C2H5. /CH,CO,H 
2 

CK \CHh 


PtCl4, 


is obtained, for which == + 46® was found (c = 1 34, 
water) 


Resolution by Esterification or Saponification, 


The processes first described are properly physical, as no real 
chemical alteration follows in the combinations to produce 
new crystalline structures Essentially different in pnnciple 
IS a method recently worked out by Marckwald and McKenzie.* 
Two optically active antipodes must, 111 general, exhibit the 
same behavior in all chemical reactions But this no longer 
holds if the reaction takes place between them and another 
asymmetric compound If the change 111 question is one 
which, like the formation of a salt, depends simply on the 
affinity of acid and base, no difference maybe observed, but on 
the other hand, a difference may be expected in proportion as 
the progress or direction of the reaction is dependent on the 
space relations of the atoms in the molecules of the combining 
substances In particularly marked degree, the formation of 
esters ’ is a reaction of this nature. The rapidity of esteri- 
fication depends to a remarkable degree on the structure of the 

1 J Chem Soc , 75, 1127, 

® Pope and Peachey; Ib%d , 77» ' * 

8 Marckwald and McKenzie ; Ber d chetn Ges , 3a, 2130 (1899) 
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carbon chain of the acid. The velocity of esterification for the 
acids of the type, R.CHjCOjIIj,, i.s about twice as Kreat as foi 
the aad,s of the type, R'R".CH.CO,,II, and much {greater than 
for the kcids, R'R"R"'C.C(),n. 

These relation.s while pronounced in the tiliphalic acids are 
more clearly marked ainonf? vime of the aiom.ntic acids, a fact 
which was pointed out by v. Mej'ei.' It would appear 
probable, therefoie, that the velocity of estei ifieation of two 
oppositely active ackls with the same optiealh active alcohol 
might not be the same. This question, Marekwahl aiul 
McKenzie tested by a simple experiment. Ikiuivalent molei 
ular amounts of racemic muudelic acid and mentlml weie 
heated for an hour to i.s.s®, and at the end of the time, the 
uncombiiied acid was .separated from the leaelioii pioihu I It 
was found to be left-rotating, fiom wliieh it follows tli.il 
/-inandelic acid forms an ester with/ menthol moie slowh tiian 
^/-inaiidelic acid. 

Ill a practical exiieiimeiit 50 giamsof / m.uidehe aeid .ind 
50 grains of nieiilhol were healed to 15s” thunigh one Inmi 
In the reaction mass the uuehauged aeitl w.is sop.u.ited In 
dilute aimnonia, and fmallv, altei scpai.iliug ti.iees ol tlie 
esteis and menthol with it, the matulelie .leid w.is pieeijal.itisl 
by sulphuric aeid. The leeoveied aeid was t.iken up toni 
pletely liy ether and after ev.qHiralion of the elhei was fnund 
to weigh 33.. S grams. The sjieeilie rotation w.is fouinl to Ik- 
[“];> '■ •'*I'""'ing that it now eonlained 0.7J gi.un of 

/-inaiidelie acid. In the inqier tjuoled, the aiilhois deseiibe 
the .sepal ation and identifieatioii of this aeid in pnie foitu 

Experiments weie then made with the mixtme of esters 
and michaiiged menthol Udl in ether solution after separation 
of the uncomliined mandelic aeid. The etlier was evatxirnted, 
the lesidue mixed with .3. .3 grams of potassium hydroxide in 
.solution and boiled some hour.s. This litiuitl was evaporated 
and treated with water to di.swtlve the pota.ssiiun salt. The 
.solution oblainbd was heated to drive out traces of menthol, 
treated with siilplniric acid and extracted with ether. In this 
way a mandelic acid was obtained as a sapontfication product, 
and amotmted to 8.7 grams. Its specific rotation was [arji, = 

» V. Mt7cr ! Uer. ti, chem, (iei., *7, 1580s »8> 
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+ 3,1®, indicating the presence 0,164 gram of the ^-acid. 

The remaining menthyl ester was treated with alcoholic 
potash now to complete saponification and the mandelic acid 
separated as before. 2.7 grams were obtained and this had a 
specific rotation of [^v]z)==— 10.4®, corresponding to 0188 
gram of /-mandelic acid. 

The authors have therefore demonstrated the possibility of 
resolution hy their general processes They point out further 
that their application may be expected in the resolution of 
racemic alcohols rather than of acids, for which the other 
methods are more convenient. 

3. Resolution by Aid of Fungi 

34. As already mentioned in § 19 this separation depends on 
the phenomenon that when in solutions of racemic bodies 
spores of certain fungi are sowed and allowed to grow, one ^ 
of the antipodes disappears while the other remains untouched. 
Only one of the two active forms is thus secured 

A number of general observations on the mode of action of 
the fungi have already been made. In this place we are con- 
cerned with certain matters, which, inasmuch as they have 
received but little consideration m the chemical literature, call 
for a detailed discussion. 

Data on the Fungi Suitable for Resolution Pure Cultures and 
Methods of Experimentation 

By Dr P IvIndner 

Since, by aid of pure culture methods, proof has been given 
by the biological work of the last decade, that the mode of 
development of most of the lower fungi presents a certain 
constancy and is by no means as complex as was formerly sup- 
posed, the question of species has again assumed greater im- 
portance and interest The mycologist of to-day will no 
longer risk designating the green growth on a piece of bread 
or orange peel as Pemcilhum glaucum^ without previously 
informing himself by microscopic examination or by cultures. 
It has been found possible to establish a large nuutber pf 
species which have the green color of 
mon, but which in spite of appareut 
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form show distinct differences from a morphological and 
biological standpoint. 

When one has to refer to data in the older literature on 
Peniallium glaucum he must always feel uncertain as to 
whether the author consulted had in hand the organivsm now 
so designated or something else. 

Also the statements concerning yeasts in the older literature 
must to-day be received with caution. Wine yeast, for 
example, has been often used for splitting racemic bodies. 
But we know now that common wine yeast may be a mixture 
of many different varieties. If some one of these .should be 
furnished us in the form of a pure culture it could happen that 
a very different result would follow from a splitting experi- 
ment from one previously recorded. 

In vieiv then of our advanced knoivledgc in the consideration of 
the fungi the task of studying each one in ii^olatcd pure form 
and determining its action on nutritive media becomes of the first 
importance. 

Scientific aspiration.s in this direction are greatly advanced 
by the fortunate circumstance that there are mycologic insti- 
tutes like that of Krai (Prague, Kleiner Ring) which collect 
the various .species di.scovered and de.scnbed by different 
authors, make pure cultures of them and preserve them there 
for sale 

It remains then for the experimenting chenii.st to protect 
the pure culture, as leceived, from infection, and to increase 
it 111 such a manner, that the substance to be inve.stigated may 
be brought completely under its action. It will be explained 
below how all this may be most conveniently done. 

As, however, there is iio difficulty in securing spores of 
fungi from the air or water, and bringing them into the con- 
' dition of pure cultures, one may often proceed to a certain 
degree independently. Care should be taken to submit finally 
a portion of the pure culture to a mycologist for exact deter- 
mination of .species before publi.shing the results of investi- 
gations, 

How may the spores contained in the air, or water, or oth^" 
liquid be recognized and obtained pure ? Suppose we wish 
examine the air of the laboratory for fungi. We can 
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crystalUjsatioti dishes ot glass cylinders. IVo dishes, one fit- 
ting over the other, or a glass cylinder closed with a plug of cot- 
ton, are placed in the oven and heated two hours to a temperature 
of about 150® C , the flame under the oven is extinguished, 
and the glasses are allowed to cool in it. When this is accom- 
plished, we -allow the lower dish ot glass cylinder (such a 
cylinder as is used with a specific gravity spindle) to stand 
open one to two hours In this time a number of fungus 
spores settle from the air onto the inner glass surfaces. On 
account of their minuteness, these are not visible to the eye, 
and because of their relatively small number, they can not 
be found by a strong magnifying glass or with the 
microscope But they become distinctly visible when a proper 
food is offered them, best a nutritive gelatine. Most con- 
veniently beer- wort gelatine or plum-decoction gelatine may be 
prepared To i liter of beer-wort or plum- decoction (each 
with about 10 to 15 per cent, of extract) about 100 grams of 
fine white gelatine may be taken The gelatine mixture, 
prepared by dissolving at water-bath heat and filtering, is 
filled into test-tubes which are plugged with cotton, and then 
exposed to steam heat one-half hour (in a Koch*s sterilizer) 

The contents of a test-tube is poured at a temperature of 
20° to 30° C., into the exposed glass dish or cylinder The 
first, with its cover in position, after the hardening of the 
gelatine, is placed in a moist chamber, that is, under a bell- 
jar, the air 111 which is kept moist by wet filter-paper or 
by equivalent means The gelatine poured into the glass 
cylinder is allowed to harden around the sides, which may be 
accomplished by holding the vessel in a nearly horizontal 
position and allowing cold hydrant water to flow over it, it 
being meanwhile slowly rotated to effect an even distribution 
After two or three days a growth begins to appear everywhere 
in the gelatine where the spores lie embedded, and this later 
develops to a branching mycelium. In the majority of cases, 
these mycelia are pure, that is, other organisms have not 
grown m with them. Sufficient indication of this is usually 
given by ocular examination glone. The term 'mycelium^ is 
applied to the sum of th^ threads 6r h3^hae grpwihg out of 
the fungus spore. While some of these play th-fe part of 
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rootlets, others grow in the air (so-ealletl .tir hvphne ) and 
develop to fructification (Fig. 6). The foUtivMug illtt»trati(>u 



I'i«. 6, rnlt)iri.wit MutUmm ^ ‘ - 

f.o,u the e,we. ». /IH the fn.lt ,.e,„ e,.,l , X 

pves a clear representation of these relaiiotts. TliU tbowi t 
fand of inucor {Mucor Mucedo), which may be eiudly ; 

from bread, malt, horae-dung and decaying frulU ke^ in iMlii 
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places. At a is shown the developed spore ; /is an air-hypha 
which at its end is in the act of forming a spore-case or 
so-called sporangium With darkening in this spherical 
organ maturity is reached. If we touch it with a previously 
sterilized needle, the sporangium skin breaks and a large 
number of spores cling to the needle. If this is now dipped 
into sterile nutritive solution, a new development of spores 
begins similar to that ijust described. In a few days the 
whole liquid is permeated by the fungus filaments, and on 
the surface, new air-hyphse appear and grow toward fructifi- 
cation. Figure 7 shows the structure of the sporangium The 
external wall or skin is covered with numerous small crystalline 
needles of calcium oxalate The club-like bunch shown in the 
center is the so-called columella (little column) , it is shown 
free m Fig 8 after the sporangium has been broken and 
emptied. The columella is originally a simple transverse wall 
which separates the sporangium from the sporangium stem 



If 111 the study of the air a spore of Pemcilhiim glaucum 
had become imbedded we would not observe as fine a develop- 
ment of air-hyphae Fructification begins early and a very 
low turf only is formed which becomes covered with masses of 
white spores turning later to bluish green. Under the micro- 
scope we can see on the ends of the air-hyphae the growth of 
lateral bunches or branches with finger-like spore-supporting 
organs, so-called sterigmata. When a spore is fully developed 
a new one is immediately formed, which remains loosely united 
to the first, This process repeats itself and by undisturbed 
growth gives rise to beautiful spore chaips resembling strings 
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of pearls and containing fifty or more members. See Figs. 9 




and 10. Fig. 10 further .shows that this mold, as distinguished 
from jl/acdr contains traii.sver.se walls in the stem 111 

large numbers; in other words the stems are divided 

In order to take the.se spores from the spore case by the aid 
of a needle this is best dipped finst in the nutrient medium 01 
in sterile water.’ The spores are dry and would not cling to a 
dry needle very well; but, as distinguished fioiii Mucor 
spores, they are not moistened iiniiiediately as the contents, and 
apparently the iiienibrane also contains fat. They di,stribute 
themselves uniformly over the droplet on the needle-point in 
the form of a thin dry layer. In consequence of these pecu- 
liarities this mold is .spread very rapidly through the air ; the 
physiologi.st attempting to produce pure cultures has much to 
fear from its ubiquity. 

In appearance and behavior Aspergillus glaiicus, Fig. it, 
stands close to Penicilluim glaucum. Here, also, long .spore 
chains grow on .sterigmata, but the latter are all situated on 
dub-like expansions of the undivided fruit stalk. Several 

1 The distilled water of the lahoratoiy is not sterile: « often contains 100,000 or 
more genua to the cubic centimeter. 
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varieties have also branched sterigmata, — r 
the Stengmatocysti, 

Frequently mycelia develop on the gela- 
tine unaccompanied by fructification, even 
with Penictlhum and Aspergillus varieties. 

As broken-oif pieces of the filaments are ca- 
pable of growth, it IS suflBcient to pick up a 
little of the mycelium with a needle and de- 
posit It in a nutrient medium 

While the common molds as Penicillium 
glaucum^ Aspergillus glaucusy and others, 
may nearly always be obtained from the 
air, yeasts are found less often. As these 
find the most favorable conditions of growth 
in nature on sweet fruits, it follows that 
they are most commonly met with in the 
autumn. As compared with the mold my- 
celia, they grow almost invisibly in the (Burotmmherb^anS^^^ 
nutrient gelatine, and especially in the form "Afte^Kny^waii 
of small, white pinhead-like colonies It 
is only occasionally that one finds colonies that are spread out 
superficially ; these consist then generally of aerobiotic mold 
yeasts It is very difficult, even by the aid of the microscope, to 
determine directly what form of yeast one has found In order 
to reach a certain comparison with forms already known, there 
IS required usually a long series of culture experiments which 
may consume weeks or months If one desires to further culti- 
vate one of the colonies found in the gelatine in a new nutri- 
ent solution, the inoculation must take place with a sterilized 
needle. It is sufficient if only a part of a colony remains 
clinging to the needle, as this much will contain thousands of 
cells capable of development. 

That which appears to us very strange in the behavior of 
the yeasts is the fact that physiologically very differently 
acting forms exhibit almost no differences in the appearance of 
their cells. After having mixed four or five different varieties 
m a little drop, we are often no longer able from the micro- 
scopic image to pick out the separate cells The cell forms, 
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Fig II 
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Figs. 12 to 14, which represent kS, ellipsoideiis, may be found in 
a large number of beer and wine yeasts. Simple pictures or 
drawings of the cells are therefore quite insiifBcient as a means 
of characterizing a definite yeast variety 



Fig 12 Saccfiai , elltps Comdia 
111 which internal forniation 
of spores has begun 



Fig 13 Sacchar elUps Developed spores. After 
Brefeld fiom F v. Tavcl * “Morphologic 
del Pilze.” Jena 1K92 


The distinction between yeast cells lu budding condition 
offers the same difficulties as the distinction between mold 
mycelia in which no special seed forms have been developed 

With the yeasts, besidch b> bud- 
ding, there is a .second method of 
fructification , vn., through the for- 
‘sporefhi wWcii^are iiiation of eiidogeiious .spores. Thus 

forgermlnation AfteiBrefeld 

two illustrations never comes to development m fermenting 
liquids, aud then also on account of its morphological smiphcity 
it affords few characteristic points of differentiation to .settle the 
question of species. In germination the .spore passes imme- 
diately to the budding condition again 
In making u.se of the yea.st colonies obtained in air iiive.sti- 
gations it is uece.sHary to recognize that while in all probability 
we have secured pure material, a certain guarantee for it is 
lacking. This can be secured only by the method introduced 
by Hausen of cultivation from a cell. With 5'easts thus method 
of cultivation may he applied without difficulty. But with 
the bacteria it often fails becau.se of their extreme miiiutene.ss. 
However, tlie colonies grdwii in gelatine, a.s distinguished 
from the yeasts, present often cliaracteristic ador differences, 
.so that by the eye alone a couclmsiou may be reached as to 
different forms present by the .simple variations in their gross 
appearance. A greater variety in general is observed also with 
respect to shape and size of the .single cells. By aid of the 
methods of pure culture it has been found, as with the yeastf 
and molds, that what were formerly regarded as simple 
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may be tesolved irtto several species. So, for example, the 
Bacterium termo of ,the older authors is no longer regarded as 
a single species, but the name is used as a collective descrip- 
tion. The different vaneties of Proteus^ as P. vulgaris^ Zenkeri^ 
komints, exhibit about the same behavior that was formerly 
given as characteristic of B. termo. For bacteria also the rule 
is true that it is easier to obtain a pure culture than to deter- 
mine its species ^ 

From the remarks just made, it appears clear that the 
investigations of the older authors ^ 

on the action of organisms on race- ^ ^ 1 ^ 

mic bodies must be repeated under w % M 

such conditions that only pure cul- ^ 
tures and germ-free solutions may 
be employed, and further that care 
must be taken to prevent the ingress 

of any infection during the progress Pn«gsh jahrb 27, i (1895) 
of the experiment. 

To make a nutrient solution germ-free is not diiEcult ; it is 
.simply necessary to boil it a long time or frequently for short 
intervals, the neck of the flask being closed by a wad of 
cotton. This last may be divSpen.sed with in the so-called 
Pasteur flask, the neck of which is continued by a long bent 
tube 

Formerly, experiments on resolution or splitting were 
UvSiially carried out by mixing the racemic body, 3 to 5 grams 
to the liter, with nutrient salts y e g , with one gram of potas- 
sium phosphate and 0.2 gram of magnesium phosphate In 
working with molds, a little phosphoric or sulphuric acid was 
added to prevent the rapid growth of bacteria A small 
amount of the special organism used was sowed in This must 
then grow gradually and develop its splitting power. It 
appears to me to be better to add no nutrient salts to the 
solution of the racemic body, but to seed the organism 
employed in larger amount. This should be previously grown 
in a specially good nutrient solution In the case of yeasts, 
for example, the cells could be cultivated in sterilized wort or 
wine-must, the fermented liquid poured off, and the resfdue 
washed with sterilized and coded distilled water. To the 
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vessel containing the racemic body, the so-purified yeavSt 

* material is then added. The action is much more rapid, and 
the development of accidentally admitted germs avoided. 
Molds may be similarly separated from the nutrient solution. 
But the preparation of an active bacterial sediment oifers 
greater ditficulties. I employ for this purpose long glass 
tubes, 5 or 6 centimeters wide, narrowed at each end, which are 

• completely filled with the turbid nutrient solution and placed 
in a horizontal position The sediment finds now a large 
surface for settling and collects here as a relatively firm layer 
which almost wholly remains when the liquid is poured away. 
The sterilization of the tube is effected by steaming and sub- 
sequent addition of a sterilized cotton plug The nutneni 
solution poured off from the sediment (accomplished b> 
forcing air lu through the cotton filter), nia^’^ be rc])laced 
directly by the solution of the racemic body After sufficient^ 
long action the liquid may be drawn off and fiesli added 
This arrangement of the experiment which would be suilalih 
also for yeasts and molds, as the air necessary for the growtl 
of the organisms may easily be forced ni through the cottoi 
filter, permits continuous operation to a certain degree Witl 
the molds, the tube should not be quite filled with lujuid, bu 
an air space should be left m which an active mold surfac 
may be formed With these conditions it is likely that tli 
solution under experiment could be allowed to flow througl 
slowly and continuously The action here should be, for tin 
reason, a very rapid and complete one, as organism and liquii 
offer a large contact vsurface. 

Information concerning the preparation of nutrient soli 
tions and nutrient gelatine, the sterilization of vessels an 
liquids, the production of pure cultures and the further cult 
vation of the same in larger apparatUvS on the technical scale ma 
be found in the work of Liiidner : ‘ * Mikroskopische Betriebi 
conlrole in den Gahruiigsgewerben mit einer Einftilirung i 
die Hefereincullur, Iiifectionslehre, unci liefenkunde. M 
vier I/ichtdrucktafeln und 105 Textabbildungen. Verlaj 
Paul Parey, Berlin.” On molds and their cultivation nntc 
infarmation will be found in the work of Wehmer : ” Beitraj 
zur Kenntniss einlieimischer Pilze.” In Part I, the citric ad< 
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producing molds are discussed and the green molds thus far 
described of the genera Aspergillm {Eurohum) Sierigmato- 
cysiis^ Pemcillium and Citromyces are compared in tabular form* 
Part II treats specially of the rotting* of fruit and the varieties 
of fungi which grow preferably on or in solutions of organic 
acids. Part III (which has not yet appeared, 1898) will con- 
tain a monograph of the genus Aspergillus Part I was pub- 
lished in 1893 Hahn, Hannover and I^eipzig, the following 
parts by Gustav Fischer, Jena Finally, attention must be 
called to the book by Zopf, *‘Die Pilze,*' Breslau, 1890, pub- 
lished by Edward Trewendt, as the chapter on physiology has 
been well worked out 

To chemists who wish to concern themselves with the study 
of racemic bodies it may be recommended to visit fermentation 
laboratories such as are found in Berlin, Munich, Vienna, 
Copenhagen, New York, Chicago, and elsewhere It may be 
possible to obtain from these even large quantities of pure 
cultures of yeasts or fungi materials 


According to a compilation by Winther^ the following active 
forms have been obtained by the aid of fungi 

l->Tarta?ic and by Pasteui"* from ammonium racemate by 
addition of a spontaneously fermented ammonium tartrate 
solution, and then by aid of Pemallium glaucum ^ 

d-Tarta 7 ^ic and was obtained by Lewkowitsch*^ by the action 
of an unidentified schizomycQte , occurring in impure 

Penicillnmi cultures, on ammonium racemate 

l-Giyceru acid from the racemic ammonium salt by aid of 
Penmllnmi glaucum (Eewkowitscji) ® 
d-Glyceric and was obtained by Frankland and Frew® from 
;^-calcium glycerate, to whose solution peptone, salts and 
calaum carbonate were added, by the action of Bacillus 
ethaceticus, Eeft-rotating calcium glycerate is produced which 
yields right-rotating free glyceric acid by treatment with 
oxalic acid. After long heating on the water-bath, solutions 

1 Wlnther Ber d chem Ges , 38, 3022. 

Pasteur: Compt rend , 46, 615 (1858). 

8 Pasteur Ibtd i 298 (i86o) 

^ 3;ewkowitscli: Ber d tdiem Ges., id, I572‘ 

8 I^ewkowltsclx: Ibid , td, 2720. 

« Frankland and Frew: J. Chem Soc , 59, 96 
1 



128 


R]^SOi:.UTION 01^ RACEMIC BODIRJS 


of the acid yield a slightly soluble left-rotating anhydride. 

d-Lactic acid was obtained by !hewkowitsch/ also by 
Linossier'* from fermentation ammonium lactate by the action of 
Pemcilhum glatictim P. Prankland and MacGregor® observed 
the formation of left-rotating calcium lactate, which furnished 
the right-rotating free acid, in the spontaneous fermentation 
of solutions of the racemic calcium salt to which calcium car- 
bonate, peptone, and nutritive salts had been added Sarcolactic 
acid rotates to the left. 

d- Ethoxy siicciiitc acid was obtained by Purdie and Walker* 
from the r-ammoniuiii salt by Pentcilhitm glaucuin. The salts 
also are right-rotating. 

l-Aspaiiic acid . — A moldy solution of the r-acid in the air 
becomes left-rotating (Engel). 

l-Glutaminic acid split off by Pemcilhum glaunim (Schulze 
and Bossliard,” Menozzi and Appiani) 

Active leucine, rotating to the right in water, and to the left 
in hydrochloric acid solution, was obtained from the racemic 
product by Schulze and Eikieriiik® by the aid of Peni(illium 
glaucum, the racemic compound having been formed by the 
action of hydrocyanic acid on isovaleraldehyde ainmoiiia It 
was obtained also from the r-compound produced from fer- 
mentation of caproic acid (Schulze) “ 

By the use of beer yeast the following have been obtainec^ 
from racemic sugars. 

UGlucose (E. Fischer),^” 
hMaimose (B. Fischer),” 
hGalactosc (E. Fischer and Hertz)/® 
l-Pmictojte (E. Fischer). 

1 Ivewkowilwh Un, d. chem. Oes., id, 2720. 

“ lyiiiossier Hull. Soc Chim , [3], 6, 10 
Fraiiklmid and MneOregor! J. Cheni. Soc , 63, 1028, 

•i Purclleand Walkei * /hd , 63, 229. 

ll^iigel' Coiiipt. rend., lod, 1734. 

« Schulze and Bosbliiird • Ztschr physiol Chem ,10, 143, 

"f Meuozssiand Appiani - Chem. Ceutrhl., 1894, i, 674. 

« Schulze and Ukiernik : Her. d, chem. Oci., 34, 671, 

0 Schulze • /bid , ad, 56 ; Ztsclir. physiol. Chem., 10, 138. 

Fischer! Ber. d. chem Ges., 33, 2620 
h Fischer; Ibtd , as, 382, 
la Fischer and Ilertes /bid,, as, 1259, 
itt Fischer; /bid,, as* 389 ; ay, 2031, 
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l-a-Propyleneglycol was formed in a 3 per cent, aqueous 
solution of the racemic compound made from glyceric acid 
after sowing an impure fungus culture from cheese, in which 
Bacterium termo was abundantly present. The preparation must 
be perfectly freed from empyreumatic matters Propionic and 
lactic acids were found as products of the fermented part (LeBel) . ‘ 
The following active alcohols have been made from dilute 
aqueous solutions of the synthetic preparations and all by aid 
of Pemcilhum glaucum 

UMethylethyl carbinol (Combes and Le Bel),®’® 
UMethyUN-propyl carbinol (Te Bel),® 
l-Methylbutyl carbinol (Combes and Te Bel),® 
d-Ethylpropyl carbinol (Combes and Bel),®’® 
d-Methyl'N-amyl carbinol (TeBel) ® 
d-Methylethyl carbincarbinol was obtained through fungi 
from a mixture of r- and /-amyl alcohol with destruction of the 
latter (Te Bel) * 

d-Mandelic acid was obtained by Tewkowitsch® by addition 
of a few spores of a pure Penicilhum culture to a solution of 
3 grams of the r-ammoniuni salt in a liter of water containing 
I 25 grams of nutrient salts with a little sulphuric or phos- 
phoric acid and carefully sterilized 

UMandelic acid was formed m nine out of twelve experi- 
ments by application of an impure Pemcilhum culture, in which 
5 ellipsoideus and an undetermined fungus (vibrio^) were 
finally recognized in the liquid (Tewkowitsch).® The acid 
from amygdalin is left-rotating. 

d-Cinnamic add dichloride has been separated by aid of 
Aspergillus fumigatus and also by yeast (Stavenhagen and 
Finkenbeiner).'^ 

Ulsobutylpropylethylmeihyl ammonium chloride was obtained 
by Te Bel® from the synthetic compound by use of a Penidllium 
culture which was not quite pure. 

1 I,e Bell: Bull. Soc Chlm., [3], 9, 678, Compt. rend., pa, 53? 

* « Combes and I^e Bel . Bull Soc Chim , [3], 7, 551 
» lyeBel: /Atd., [3]i9»fi76. 

* I^eBel • Cowpt rend , 87, 213 

fi Lewfco-sTlUQlt . Bet* d. cbcmt Oes , 151 1505 ! »S 69 

8 Lewl^^dscb \ Ber ebedi Oes , id, 157*’ 

1 Staveubaged iiUd Binjienbeiner Ber. d; cliem OeS , a7, 45^ 

8 1,e Bell Compt, tend,,JKa> 735. 

9 . ^ j ' ' ' " 
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£, Formation of Active Isomers 

35. I. From Inactive Materials. Artificial Preparation of Active 
Compounds, — ^The phetiotgeuon, that active bodievS as occurring 
in nature were always found to be inactive when prepared syn- 
thetically, led formerly to the opinion that substances endowed 
with the power of optical rotation could be produced only 
within the animal or vegetable cell. This view which was 
maintained particularly by Pasteur' had to be abandoned when 
in 1873 Jungfleisch*^ succeeded in producing tartaric acid com- 
pletely by synthesis, starting with ethylene which was con- 
verted into the dibromide, ethylene cyanide, succinic acid, 
dibromsuccinic acid and finally racemic acid, which was split 
up into active components. Since it has been recognized that 
the inactivity of asymmetric synthetic compounds depends on 
their racemic structure, many of them have been produced 111 
active forms. Among such which are found in nature, conine 
may be especially referred to, the complete synthesis of which 
was accomplished by Tadenburg in the following manner '* 
Starting with acetic acid tins is converted into acetone, isopro- 
pyl alcohol, glycerol, allyl bromide, tnniethylene bromide, tii- 
methylene cyanide, pentainethylene diamine, piperidine, pyri- 
dine, «-picoUne, rt'-allyl pyiidine and finally into a-propyl 
piperidine = r conine, from which by splitting with tartaric 
acid the fl^-forni, identical with the natural conine, is secured 

A special method for the synthesis of active compounds, 
- has recently been tried by Boyd* as he attempted to determine 
whether, when asymmetric bodies were formed in a magnetic 
field, one of the antipodes would not be predominant, leaving 
the product endowed with rotating power and not racemic. 
Benzoyl formic acid was converted into mandelic acid by 
treatment with sodium amalgam in vessels kept in a magnetic 
field of 7,000 to 8,000 C. G. S. units, but it was found that 
the product was quite inactive, and also when the reaction 
was carried out in presence of active substances, such as 
^^-tartaric acid or /-mandelic acid, likewise, in the bromi- 
nation of stilbene, racemic stilbene bromide was formed. The 

1 Pasteur; Compt. rend , 8i, i38. 

3 jutigfleiscli: Bull. Soc. Chun, fa], 19, 194; Compt. rend., 7d, a86. 

8 T^adenhurg: Ber. d. chem. Oes., aa, 1403; Ann. Chem. (I^iebig), 347, So. 

* Boyd ; Ixiaug. Dissertation, Heidelberg, 1896, 




FROM mACtlim ' 131 

magnetic rotation to which the molecules are subjected during 
formation, leaves no permanent result. 

Relative to the synthesis of active substances, these con- 
ditions follow from the doctrine of asymmetric carbon atoms 
as first pointed out by van’t Hoff (Chimie dans l^espace, 
1875, p. 20-28) • 

a. If a compound formed from a symmetric substance has 
but one asymmetric carbon atom, then a single racemic body 
always results. The same is true when the molecule of a 
resulting active compound contains two asymmetric carbon 
atoms, but consists of two similar halves. For example, from 
succinic acid only one racemic dibromsuccinic acid may be 
made. 

d. If a molecule containing two asymmetric carbon atoms, 
but not consisting of two similar halves, is derived from an 
inactive substance, the production of two racemic pairs is 
possible, the splitting of which must lead to four active 
isomers It is not necessary that the two racemic bodies 
should be formed in equal amounts, but, because of different 
degrees of stability, the formation of one may be favored, and 
that of the other entirely suppressed. 

For example, cinnamic acid, C^HgCH = CH.COaH, may 
yield the following cinnamic acid dibromides . 


C.H, 

C 0 H 5 

CeHe 


H— C— Br 

Br— C— H 

I 

H— C— Br 

1 

Br— C— H 

1 

1 

H— C— Br 

1 

Br— C— H 

Br— b— H 

1 

H— C— Br 

COjH 

\ ■■ — y- 

1 

CO 2 H 

CO 2 H 

' — -r— 

1 

COgH 


First racemic body. Second racemic body 


According to Tiebermann and Hartmann,^ the inactive 
bromination product of cinnamic acid does not probably con- 
tain the two racemic pairs, but only one, the splitting of which 
up to the present time has led to antipodes with rotations, 
= + 55® and — 41®. The other racemic compound has 
been obtained by Tiebermann^ by bromination of the labile 
allocinnamic acid, and decomposed approximately into com- 
ponents with [oi] = + 64® and — 71°. 

1 niebermann and Hartmann j Her d chm Oes,, a6, 1664 
* niebermann , ap 


/ 
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36.---3. From Active M«terl*l». — Tlie fuUuwing c(Uie!i may 
appear : 

a, A body wnth one axvmme/fft eathm ahm mav be eonveried 
intoarompQundwith two xufh atoms, AmtnUug to the van *t 
Ilel thwry, an uctiw nuileculc, CK,R,R,R,. whciw 
right-rotating tvatfigurtUiou is shown hy I IhIow. iiutHt furnish 
two isomeric prixlucls, I<i uml whicli arc not corrcKjxiitihnK 

aiitiiwdcs, by the intrtKUiclion of the grottp. R, C— R, 

They ixissess, tlierefore, tlifferenl profHTties, und may iie pm 
duced in uiieijnal tinumnts. likewise from the left rtitating 
configuration, 11, the not>anti|H«le is^nneis. Ha and 11^ me 
formed : 


1, 



Ui. 




l' 



‘f* 


Hi 


c 

1 

Ri 

R* 

C K, 

K 

i' 

R, 

I 

Hi 


R, 

c R. 

R. 

i' 

It, 




W, 


H, 


n. 



III/. 


IIA 


Hi 

i 



Ri 


H» 


1 

c 

1 

R. 

R. 

1 

C K, 

R, 

{ 

K. 

1 

K, 


R. 

j 

R, 

K. 

C 

? 

R. 




it 


} 

R. 



In this ease the origlmd right- or left loiniing mdwtmiee 
does not yield a ramnie lawly liy the ehemienl ehangc. hut a 
mixture of two neitve isomers which must imMiesN unis|ual 
rotating iiowers. The relations arc therefore different from 
what they are in the synthescH from inactive liodieii. 

Among the nlmve four isomers, each two form true antipodes ; 
ms., la with 11^, nnd lb with Ila, which may be comfdtnd 
to form two racemic compounds. A mixture of tbaea two 
last must result when the mcemic form, I -f- II, of Uw ori|^tia] 
aukstance is subjected to the chemical wsacUoo, the it»i 
product being th«i inactive. 

As a matter of course, the case remaioa Ut« H t|it mu 
asymmetric carbon atom ia produced, not 
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btti; from <m« of the symmetric oftrixm etoms sLreedy pi'eMnt 
in the molecule. 

The above relations pointed out by van ’t Hoff, may be 
expressed in the following manner if the two asytrunetric 
groups in the four isomers be represented by ± A and ± B ; 

The original 4 compound furnishes the bodies: / i~ "1“ 

1+ ^ jff 

*' “ - compound " " " 

and the two pairs of antipodes are; 
f ^ + .ff\ 

^ ““ -^ + £r 

If the specific rotations of the four isomers are known, the 
rotating powers of the groups .•! and /? may be calculated. 

These theoretical predictions have been frequently confirmed 
by experiment. If. for example, limonene be converted into 
the nitiosochloride comi)ound, C,„n„.NOCl, by treatment 
with amyl nitrite and In ih ochloric acid with addition of acetic 
acid, which, with great probability, gives. 


ClI, CIIj 

c 

CII, Clla 

Y 

I 

*ai 

/\ 

n,c CH, 

1 1 

1 

*CII 

iiY^cir, 

1 1 

ir,c cii 

c 

' 1 1 

IlgC CH.NO 

¥n 

cjll, 

lylmoneiienltroBOchlorlde. 

j 

. cn, 

lanionene. 


there are always formed from the latter substance, according to 
Wallach,* two isomers (a and /3) which maybe easily sepa- 
rated by their different solubilities in ether. There results 
from 

-Umon«»e|^ ", 

The two «-compounds on the one hand, and the two ^-com- 
pounds on the othm:, represent optical tmtipodes. 

> WsmiAi aaa. dua. (I4sblg), Sim, loBi aft, 171. 
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In the reaction the a-nitrosochlorides are formed in larger 
amounts than the /S-products, the first crystallize in well- 
formed monosymmetric prisms which dissolve easily in ether, 
but decompose quickly on keeping; the latter are finely crys- 
talline, difficultly soluble in ether, and much more stable. 
Chemically the a- and yS-isomers behave in a similar manner; 
the latter, however, in benzene solution show a double molec- 
ular weight (Wallach).' 

Dipentene (rf-/-limonene) is an inactive product which is a 
mixture of two racemic bodies (Wallach).’ 

Of the two asymmetric carbon atoms in the hmoiieiie iiitroso- 
chlorides, one may be easily destroyed. This happens when 
each compound is treated with alcoholic potash solution by 
which, with loss of H -f Cl, they become transformed into 
carvoximes, CjoHu NOH : 


Y 

^c!h 

Hjd in NO 

\/ 

*CC1 

c!h, 

l^ixnonenenitrosochloricle, 


CHq CH^ 

y 

’k 

Hci (!:=^N0H 

Y 

Carvoxime 


The carvoxime appears only in two forms {d and /), and 
therefore, from the and ^-mtrosochloride of the same kind, 
the same product mast lesiilt. This was found by Wallach*^ 
to be the case, a change in the direction of rotation following: 

From + { “fW^so-jhloride J _ carvoxime - 39.3, 

“ — II } “ -I- carvoxime "—-1-39,7. 

d. If in a body which contains several asymmetric carbon atoms ^ 
the number of the latter be increased by one^ the same conditions 
which have j ust been discussed must obtain, —the new substance 

1 Wallach: Ber. d. chem. Oes„ 38, 1308. 

® Wallach ‘ Ann. Chem, (I 4 ehig), 370, 175, 

Wallach ; 246, 337. 
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must exist in two isomeric forms. E. Fischer' has furnished 
the experimental proof of this as he found that from 
a-glucoheptose, C^H^O,, ([a]ij = — 19-7“) c = lo, water) 
two different glucooctonic acids, CjHuOj, may be obtained by 
the cyanide reaction, of which the one, as lactone, has the 
rotation, [«]/> = + 45.9°, and the other + 23.6° (in water, 
c=xo) In these cases, it has been well established that the 
configuration formulas are . 


CHO 

H— OH 
H— i— OH 
HO— H 
H— (!i— OH 
H— i— OH 

dn^OH 

a-Glucoheptose 


COOH 
H— d— OH 
H— d— OH 
H— d— OH 
HO— d— H 
H— d— OH 
H— d— OH 

(IhjOH 


COOH 
HO— d— H 
H— d— OH 
H— d— OH 
HO— d— H 
H— d— OH 
H— d— OH 

dn-OH 


Glucooctonic acid. 


111 the same way two isomeric rhamnoliexonic acids, 
whose lactones have the rotations + 83.8° 

and +43 3°, are formed from rhamnose, (Fischer and 

Piloty) ^ On the contrary from mannose, CgHjgOg, by aid of 
the cyanide reaction, only one of the mannoheptonic acids, 
coulcL be obtained , ^-mannose furnished a left- 
rotating acid lactone ( [«]2)== — 74.2°) , /-mannose aright- 
rotating ( [o'] ^ 75 2°) The two corresponding antipodes 

were therefore formed which united to produce a crystalline 
compound. This case shows that the formation of one of the 
two possible isomers may be particularly favored (Fischer,* 
Smith,* Hartmann) ® 

c. Increase of the number of asymmetric carbon atoms takes place 
also by the combination of active bases with active aads^ in which 
case two pairs of antipodes with different properties must 

^ I^scher Ann Chem (lyiebig), ayo, 64 

s Fischer and Piloty Ber d chem Ges , 33, 3x04 

8 Fischer an^ Hirschberger . 3a, 370 , Fischer and Passmore Ihtd , 33, 

2226 

* Smith Ann. Chem (niebig), aya, 182, 

6 Hartmann aja, 
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result. Of salts of this kind, the following have been made * 
Marckwald^ has combined d~ and /-a-pipecoline with d- and 
/-tartaric acid, forming acid tartrates, the -water of crystalli- 
zation, melting-points, and crystalhne forms of which he 
determined. He did the same with the salts from racemic 
acids and bases. The results were 


Melting-point 



Water of 
crystalli- 
zation. 

Ci-ystalhne form 

Anhy- 
Hydrated dioiis 
salt salt 

+ Tartaric acid + pipecoliiie ] 

a j 

^2 mol. 1 

nioiioclinic 
liennmorplious 
. eiiaiitiomorpbous . 

1 65- 
[ 660 

Ul- 

na® 

4. « _ 0 1 

- “ + " J 

^1 “ 

? 

45 - 

46° 

126° 


r- “ r- “ I “ mouochnic 85° 


The aad tartrates of d- and l 4 tmo 7 iene-a-mtrolbcn 3 ylann 7 ii\ 
CioH,„.NO.NH CH,CeH„ were examined by Wallacli and 
Conrady® with respect to their rotation. The solutions in 
aqueous alcohol contained 0.97 to i 38 per cent of salt 

r + tartaiic acid + base, [a] 23 — — 49 9 ° 
t- “ - “ “ = + 5r.o<=‘ 

r H- “ ~ “ “ -= + 69 6*= 

“ H- 

From this the rotations follow : 

H- base — 60® + acid = + 10® 

— “ == + 60 — “ =-^10® 

In the two bases a change of rotation follows on combination 
with tartaric acid. 

The following observations have been made by Fileti’^ on 
salts of d- and /-isopropylphenylglycolic acid ( [a] = ± 
135°) with quinine and cinchonine : 

Melting-point [«]/> 

+ Isopropylphenylgly colic acid — quinine, 192-193® — * 79.4® 

— “ “ 204-205 — 118.4 

+ “ “ “ “ + cinchonine 201 + 136.8 

- “ + ** 167 + 83.4 

From this the differences in the two not-antipodic isomers are 
apparent. 

1 MarckTvald j Ber. d, chem. Oea., ap, 43. 
a Wallach and Conrady * Ann, Chem, (Uebig), 253, 148, 

8 Bileti i Gazz. chim. ital., aa, II, 395 ; Ber. d. chem, Ges,, a6, IV, 89. 
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37 .<—3. Formation of Active Bodies in the Animal or Vegetable Cell* 
— In the production of asymmetric bodies in the vegetable 
cell from inactive materials, it might be expected, as in 
artificial syntheses, that the two antipodes would be formed 
and racemic bodies result. Secondly, it might be possible that 
of the different configurations of a molecule, several, or indeed 
all might be formed at the same time. As fat as experience 
has shown, up to the present time, however, of such possible 
plant isomers, only one is produced, and this generally one of 
the active forms. Of the hexoses only the right-rotating 
^-glucose, of the ketoses, only the left-rotating ^f-fructose 
appears (E I^ischer),^ of the four tartaric acids, only the 
active right-rotating form The same thing is seen in whole 
groups of vegetable substances, such as the bitter principles 
and alkaloids, which have all been found in one of the two 
active forms only In the turpentine oils from the different 
species of pine, as well as in other ethereal oils there is found 
either df-pinene and if-limonene, or, on the other hand, /-pinene 
and /-limonene , but at the same time dipentene may also be 
contained in them, and we have here a case of the formation 
of a racemic body in the plant 

A suggestion of the manner in which new active bodies may 
be made from others already present in the plant-cell has been 
given by E Fischer This is based on the fact that in the 
artifiaal building up of sugars from others of a smaller 
number of carbon atoms by aid of the cyanhydrm reaction, the 
once existing asymmetry of the molecule is further continued. 
Imagine, for example, the conversion of mannose by the 
addition of cyanhydric acid three times into mannononose, and 
this then so split up that the original hexose would be 
reproduced, then the second compound with three carbon 
atoms would be also an active system ; the first active molecule 
has produced a second one. In the same manner from the 
active substances in the chlorophyl grains, which are held by 
vegetable physiologists to be the seat of the formation of 
sugar, this latter body could be formed by the taking up of 
carbonic acid or formaldehyde, condensation, and final splitting 

1 ® Fischer i ^er. 4 cherpi Ges„ 317, 3^30, 

s :E( Fischer /Hd , 07^ 3231^ ^ \ 
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off. As sugar, in turn, is Uvsecl by the plant in the formation 
of other organic substances, these furnish the material for the 
production of new chlorophyl graiu,s which again build up 
sugar, and 'thus, a direct and continuous creation of asym- 
metric molecules takes place. Similar views have been 
expressed by Stohmann.' 

In what manner the first active .substance is formed in the 
plant-ceU can not, of course, be explained, nor also, the reason 
why in one body the fonnation of a right-rotating ami in 
another, of a left-rotating modification is preferred. The 
assumption that both forms are simultaneously produced anti 
one unmediately destroyed, that is, ttsed to build up othei 
substances, appears untenable, as the last pioce.s.s could not 
take place momentarily, and racemic bodies should then be 
found in part in plants, which, as remarked above, is veiy 
seldom the case. 

In the animal organism which is formed mainly of as% m 
metric substances, and receives such as food, tlie production ot 
new active compounds by addition and decomposition van 
follow. With this, there is the po.ssibihty that innetiie 
bodies present may take part in the changes, and ,so be con- 
verted into active substances This is shown, for examjtle, 1>v 
the observation that brombenzene taken into the organism aj) 
pears in the urine as active broinphenylmercajituric acitl.'' 

It IS remarkable that the proteid bodies of the animal 
kingdom, and also of the vegetable, show, without exception, 
left rotation. On the other hand, the bile acids nearly all ro- 
tate to the right. 


F. Transformation of the Active Isomers 

38. Reciprocal Transformation of the Antipodes, — A general 
method by which active bodies may be half converted into 
oppositely rotating antipodes cou.si.sts in converting them into 
racemic forms and splitting these. In thi.s way Lewkowitsch* 
obtained from /-mandelic acid the <f-acid. Piutti' by treating 

1 Stohmann ztsohr f Blologple, Jahrg,, 1894. 

— * , I*, 109s ' Battinana and Preuaie : ZtMhr. nlivaiol 

Chem«, 5, 309; Baumann • Ber, d, dbemii Ges., 15, 1731 ” ^ * 

8 l^ewkowitsch; Ber. d. chem. Ges , id, 2733. 

* Piutti Ga«. chim ital , 17, ia6; Jahresbericht, (1887), i66ij, 
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^jT-asparagine with alcohol and hydrochloric acid obtained the 
racemic monoethyl ester of aspartic acid, from which by treat- 
ment with ammonia he obtained asparagine again in the 
racemic form, and this was finally split by crystallization. 
This method, however, has but a limited application because 
with a large number of substances racemization can be brought 
about with difiiculty or not at all. 

A quite distinct process for the transformation of the anti- 
podes was applied by Walden^ in the case of malic acid. By 
treating the common /-acid = — 5° to 5 3° in acetone, 
= 13 to r6) with phosphorus pentachloride with addition of 
chloroform, thus avoiding high temperature, active mono- 
chlorsuccinic acid results and in the right-rotating form. By 
now replacing the chlorine in this by hydroxyl (by boiling the 
aqueous solution, neutralized with potassium carbonate, with 
silver nitrate) malic acid results, and this rotates just as much 
to the right as the original acid did to the left. On the other 
hand, the d-acid so obtained yields /-monochlorsuccinic acid on 
treatment with phosphorus pentachloride and from this /-malic 
acid may be reproduced We have thus a perfect cycle of 
changes The conversion of either of the two malic acids 
into the other may be brought about by converting the corre- 
sponding dimethyl ester, which has the same rotation into the 
dimethyl chlorsuccinic ester by aid of phosphorus pentachloride, 
and in this conversion the direction of rotation changes 

An explanation of the peculiar change in rotation and mol- 
ecular configuration which follows in the substitution of hy- 
droxyl by chlorine under the action of PCI5 has been attempted 
by Armstrong ^ 

Of a different kind are a number of observed changes of 
active bodies into oppositely rotating isomers, inasmuch as the 
latter are not the true antipodes of the original substances, 
which follows from the fact that racemic compounds do not 
result as end products. The inversion of /-menthone into 
^-menthone, or the reverse, which follows by the action of 
weak or strong sulphunc acid, hydrochloric acid or alcoholic 

1 Walden* Ber d chem Ges , ap, 153. 

3 Armatron^ Proceedings Chem Soc, (1896), page 43. On the change of <Mactic 
acid into /-lactic ahid, see Pur^ ahd Williamson : J Chem Soc,, dp, 837. 
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potash, and which was discovered by Beckmann^ is a case in. 
point. In the same way /-ecgonine and /-cocaine may be con- 
verted by heating into right-rotating isomers fEinhorn and 
Marqnardt).^ 

See further the chapter on the direction of rotation of the 
derivatives of active bodies 




39. Reciprocal Transformation of Active Isomers of Different 
Configurations. — Such changes were discovered, as is known, by 
E. Fischer, ’ and especially in the acids of the sugar group. They 
occur when these acids are heated with quinolipiie or pyridine to 
i30°-i50®, in which the addition of the bavses is employed 
mainly to prevent the production of lactones which interfere 
with the reaction. According to experience up to the present, 
a change of position of the H and OH on the asymmetric 
carbon attached to thecarboxyl group follows, and this reaction 
appears to be always reversible, so that the product is a mix- 
ture of the original acid with the one newly formed. Thus, 
the following stereoisonieric acids have been reciprocally con- 
verted, the one into the other/ 




CnHinOv 


/-Arabonic acid 

t^f-Gluconic acid 

/-Gluconic acid 

fl?-Galactonic acid 
jt • X X • X 

/-Gulonic acid 

^ X • XX ^ 


/-Riboiiic acid 
A XXX A' 
flf-Mannomc acid 
A • • XX Y 

^ XX . . -A 

/-Mannonic acid 
^ X X • • Y 

fif-Talomc acid 

/-Idonic acid 

A • X • X Y 
^ X • X • ^ 


Besides these cases others are known 


G. Inseparable Modifications of Inactive Configuration 


4Q. As already explained in the chapter on the number of 
isomers possible in bodies with asymmetric carbon atoms (§16) 

1 Beckmann' Ann. Chem, (I^iebig), 350, 342, sSp, 362. 
a i^inhoru and Marquardti Ber. d. chem Ges , 33, 468, 979. < 

8 B Fischer. Ihtd,y 33, 799 ! a 4 i 2137, 3622 j 37, 3193, 

^ In the formulas A « CHgOH, COaH, • s= K, X « OH. 
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this type may appear in such iholeculea whose, formulas may 
be divided into two equal halves. The inactivity tnay be 
explained by the equally strong but oppdsitely directed rotating 
power of the two halves which compensate each other. 

The correctness of this view follows from the fact that when 
the symmetry of such a molecule is destroyed, an active pro- 
duct results. This was shown first by E. Fischer,* As he 
found, the inactive mucic acid, CO,H — (CHOH)j, — CO*H, 
yields by reduction racemic galactonic acid, CHO — 
(CHOH)<— COjH, which may be split into active components, 
and conversely these, as well as the galactoses, may be con- 
verted by oxidation iiito inactive non-separable mucic acids. 

Inactive isomers of this kind are found in the following 
clas,ses of .symmetric bodies : 

/. /» c/tain sinuturc (ompoimds with an even number of car- 
bon atoms . — In this case, according to § i6, the number, i, of 


n 

1 

inactive niotlificalions is jriven l)y the formula, / 2 , where 

n is the whole miiiiber of asymmetne carbon atonivS, The 
bodies of this gruiip which are known are niamly these : 

Among those with 7 t 2, where i i, there is, first of all, 
the meso- or antitartaric acid discovered by Pasteur’' in 1853, 
m which the iinpossibihly of resolution and consequent dif- 
ference from racemic acid (para tartaric acid) was shown. The 
configuration of this, as also that of erythritol, whose 
inactivity has also been shown, must be given, according to 
§16, by 


coon 


OH 

H— OH 

Looh 

Mesotartaric acid. 


II 


CHaOlI 

—['—on 


I 

II— C— OH 

[h,oh 

Erythritol, 


A further number of such symmetric bodies as the di- and 
tetraaubstituted succinic acids, also erythritol derivatives, 
hydrobenzoin, etc., are undoubtedly likewise inactive. 

Among compounds with«=4, and consequently z — 2 we 
have ! ' 

1 % ftWiiMn B«r. d> 0«»t, fa* Wfc. ' ' 

* FWtmr I Qonvt. imA, ^ Sw. 4 . ahesu Ooi., 17, H^S- 
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CHaOH 

H— i— OH 

COOH 

COOH 

1 

H— (!;— OH 

H— d— OH 

H— i-OH 

H— (]— OH 

1 

HO— H 

1 

HO— C— H 

1 

HO— H 

HO-C-H 

1 

H— C-OH 

1 

- 0 _ 

1 

0 

H-C-OII 

1 

JhjOH 

Dulcitol 

COOH 

Mucic acid 

coon 

Allomucic acid. 

With the octitols and their corresponding acid.s, four i.soiiiers 

witb inactive configuration are possible, 

but we are not yet 

acquainted with them. 

Naturally no change follows in the above relations, if uii 


even number of carbon atoms with two siniilur radicals 
attached (CHjj groups) are introduced into the middle of the 
molecule, as is the case with . 

Dimethyladipic acids, 

(COjH— •CHCHj)— CH.J— CHj— ("CII.CH.r-CDjIIl 

DiaUyl bromides, (CH,Br-»CHBr)— CHa— CH,— ("CHHr-CIIjUi ) 

and others 

2 In cham-structure compounds with an tmcvcu nuiuht't of 
carbon atoms. — Here the number of possible iMiiners is 
dependent on the form of combination of the radicals with the 
middle carbon atom 

a If the middle carbon atom besides being united with the 
two symmetnc groups is joined to two other radicals, .similar 
to each other, as in the a-dimethylglutaric acids, 

{CO.H-*CH.CH,) -CHa— (*CH. CII, - 00,11 ) . 
then the number of inactive isomens may be calculated by the 
formula used for the bodies of the last group. 

b. If, on the other hand, the middle carbon atom, be.sides 
bemg attached to the symmetric groups, is joined to two other 
dissimilar radicals, then the number of inactive isomens may be 

found by the formula, * = 2 ’ , where n i.s the number of 
asymmetric carbon atoms, the middle carbon atom being included 
as one In reality, however, this atom should not be con- 
sidered ds asymmetnc, because, as a glance at the foUoudng 
configuration formulas will show, a plane of symmetry may be 
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passed throttgti the same, and the dissimilar radicals joined to 
it. If this middle carbon atom is excluded, the number of 

n 

inactive isomers is given by the formula, i = 2 ^ 

The following are bodies of this class : 


CHjjOH 

1 * 

CHaOH 

j 


COgH 

1 

CO,H 

H— C— OH 

1 

H—C-OH 

1 

H- 

-C^-CHa 

1 

H-.C— CH, 

j 

H— C-^OH 

j 

HO— C— H 

1 

H- 


HaC-C— H 

1 

H—C— OH 

1 

H— C— OH 

1 

H- 

-C— CH» 

1 

H— C— CH, 
1 

CHiOH 

Adonitol (ribitol). 
Ribotrioxylglutaric 
acid. 

CHgOH 

X^litol. 

Xylotnoxyglutaric 

acid 


COgH 

COaH 


Trimethylghitaric acids. 


Bodies which contain five, or according to the above con- 
siderations four, asymmetric carbon atonivS, furnish four inac- 
tive isomers of which at present ^r-glucoheptoupeiitoldiacid. 


C(),j li- 


on 

A 


OH II 

,L ,l 


OH 

j- 

!. 


Oil 

■L 


-coni 


n OH 

and ^r-glucoheptitol are known. 

3. In its-Jorm ryclu compounds, 
by the i,2-tninethylenedicarl)oxylic acids, where, as is known, 
three isomers are possible: 


The simplest case is given 


Tran 8 forms. 



Active. Active. 

’ — — * 

Kacemic form. 


Cis form: 

III, 

COJI CO;,H 



Inactive. 


The asymmetric symbols, I and II, which stand in the relation 
of object and image to each other, correspond to the active . 
forms, while the third symbol possesses a plane of symmetry, 
passing through the group CH„ and therefore represents an 
Inactive type. In an analogous way are related the hexahydro- 
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phtlialicacids,tlieliexahydroisophthalic adds, the -^J^^-tetraliydro- 
terephthalic acids, and others, in which the racemic modification 
(trans form) and the structurally inactive (cis) form are known. 


41. Differences in the Properties of Racemically Inactive and 
Structurally Inactive Isomers. — ^These have been observed with 
respect to 

a Water of Crystallization , — For example : 

Calcium mesotartrate CaC4H408 +3CH2O (Anschutz)^ 

Calcium racemate CaC4H40g + 4H2O 

Calcium flT- and Martrate .... CaCiHiOg + 4H2O 

Free mesotartanc acid, like racemic acid, crystallizes with 
one molecule of water; the inactive tartaric acids, on the 
contrary, are anhydrous. 


b, Melting-Point,— Ks may be seen from the following obser- 
vations, the melting-point of the racemic modification is gen- 
erally higher than that of the inactive modification, although 
the reverse relation also appears In the last cases, however, 
including erythritol and some of its derivatives, it is possible 
that mixtures, rather than racemic compounds, were examined : 


Dimethylsuccmic acid .. 

Diethylsuccmic acid 

Diphenylsuccinic acid 

Dimethylglutanc acid 

Fiythntol 

Frythntoldibromhydnne . 
Erythritoldibromacetine .... 

1 , 2-Tnmethylenedicarboxylic acidj 
Hexahydrophthalic acid .... 
Hexahydroisophthalic acid .... 
J^-Tetrahydroterephthalic acid. 


Racemic- 

ally 

inactive 

Configu- 

rationally 

inactive. 

205-206'^ 

140-143° 

194 

120 

192 

128 

229 

183(^220) 

122-127 

99-101 

72 

Ii8 

83 

135 

96 

I 33 “T 34 

175 

139 

215 

192 

118-120 

161-163 

220 

150-155 


Diff 


330, 107 

s BisChoff and -Walden Ber d cliem Ges., aa, jSis. 
> Walden Ztschr phys Chem , 8, 467. 

*^.d,p.487 

‘ Onner Compt rend , 116, 723 , ny, 55,. 

• Buchner Ber d ohem Ges , aa.Tos. 

» V Ba^- Ann Chem (I/ietug), asS. 218 

* Perfcm. J caiem Soc, 59, 813 
»vBaeyer:Ann Chem (lAebig), agi, 308 


-I- 64« 

+ 74 

+ 64 

+ 46(9) 

+ 24-S 

— 46 

— 52 

— 37-5 
+ 36 

+ 33 

— 43 

+ 67 


Observer 

J Biscli. 

I andW » 
Waldeir* 


It a 

iGriner* 


Buchner ® 
V, Baeyer^ 
Perkin” 

V, Baeyer® 
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c Solubihty . — In the casiss which have been studied, the 
compounds inactive by configuration have been always more 
readily soluble than the racemic forms. One hundred parts 
of water dissolve : 



Racemic- 

ally 

inactive. 

Configu- 

rationally 

inactive 

Active 

Observer 

Tartaric acids, anhydrous at 15° 

17. 1 pts. 

125.0 pts. 

132.2 pts. 

lBi8choff& 

Acid potassium tartrate at 19® . . . 

0*555 “ 

12.5 “ 

0.535“ 

Waldeni 


0 170 “ 

2.70 ** 

— 

V. Baeyer* 


d. Constant of Dtssociaiion^ K, determined from electrical 
conductivity. The following observations exhibit no regularity 
in this relation* 



Racemic- 

ally 

inactive 

Configu- 

rationally 

inactive 

Diff 

Ji—c 

Observer 

Racemic acid, mesotartanc acid, 

0 097 

0 060 

+ 0037 

Walden* 

Dimethylsuccinic acid 

0 019T 

0 0123 

4~ 0 0068 

it 4 

Diethylsuccinic acid ... 

0 0245 

0.0343 

— 0 0098 

1 (< 

Diphenylsuccmic acid. . 

0.020 

0 026 

— 0 006 

(1 

Dimethylglutanc acid 

00055 

0.0055 

0 

1 1 6 


1 Bischoff and Walden Ber d chem Ges , aa, 1817 

2 V Baeyer Ann Chem (tyiebig), 351, 307 

'» Walden Ber d chem Ges , aa, 1820, Ostwald Ztschr phys Chem , 3, 372 , 
Berthelot Ann chim phys r6]i33»90 
^ Walden Ztschr phys Chem , 8, 467 
^ Walden Joe cti , p 487 


« 


p 


10 



PART SECOND 


Physical Laws of Circular Polarization 


FUNDAMENTAL RELATIONS 

With one and the same active body, the angle through 
which the plane of transmitted polarized light is rotated, 
depends on the following three factors : 

1. On the length of column, 

2. On the wave length of the light ray. 

3. On the temperature of the active substance, 

42. Relation of Rotation to Length of Column. — Observations car- 
ried out by Biot^ in 1817 led to the following empirical rules 
which hold strictly true for solid as well as liquid active bodiCvS : 

1 . The angle through which the plane of polarization of a 
ray of given wave length is rotated is proportional to the 
length of the active column 

2. If the ray is allowed to pass through a number of 
separate layers, the final deviation of the plane is equal to the 
sum of the single deviations if the layers or columns all rotate 
ill the same direction, or equal to their differences in case they 
possess opposite rotating powers. 

In comparing the rotations of different active substances it 
is customary, according to Biotas suggestion, to reduce the 
angle of rotation of solid bodies to that of a plate of i mm. 
thickness and of liquids to that of a column i dm. in length. 

43. Dependence of the Angle of Rotation upon the Wave-Length of 
the Ray. Rotation Dispersion. — ^The rotation of the plane of po- 
larization experienced by rays of different colors in passing 
through an active layer is least for red and greatest for violet 
light ; It increases, therefore, with decrease In the wave-length 
of the light. Biot drew the conclusion from his measurements 
on quartz plates that the angle of rotation, ol , is inversely 

1 Biot M 6 m, de 1 * Acad , 9, 41, 91 (1817), Ann chim. phys 63 (1819) 
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proportional to the square of the wave-length, X ; but later 
servation showed that this rule is only approximately true, A . 

B 

formula of the form a = A + jji > with the constants A and B, 

is likewise inadequate to express the relation exactly, but 
Boltzmann' has shown that the formula 

(I) " = ^ 

correspondvS to the observations in a satisfactory manner. The 
law of rotation dispersion is still better given m a theoretic- 
ally derived formula by E. I/Oinniel,“ which contains the two 
constants, a and A®: 


(ID 



In order to cletenuine the constants of both expreSvSions for 
a guen siilistiince, the angles of lotatioii, ... ob- 

served for a miniber of rays of known wave-length, 
Aj, A., ... iinist be found by nieasuremeiils -^^and-ffmay 
then be calculated from each pair of exact observation.s/ 
and finally from the results of all the possible combinations, 
the mean may be taken, or the method of least squares may 
be applied. In order to olitaiii convenient numerical values, 
the wave-lengths are best expressed in iiiilhmeters, for example, 
A, o.cx)o 6562 . 

The formulas (I) and (II) may be employed also to deter- 
mine the wave-length of any kind of light by measuring the 


1 Boltxmann: Amu, Jubclb. (1H74), p. laH. 

* 3 ^, I^oxuinel: TUcorle tier Drehuiiff tier rolarlsatloiifiebeiie, Wied. Ann , 14, 523 
<iHax); Daa Oeaet* dcr Rotatlaiii* dispersion, Wied, Amu, ao, S 79 

* From the BoUeniann eciuations . 


there follow : 


A 






t I 



And 




and 

♦ 
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an gi p of rotation produced in it by any substance, the rotation 
dispersion of wb-ich is known ; for example, quartz. If we 

A B 

apply the Boltzmann formula, a = -f , and take 

— = a and — — b, 
a a 


we have next to determine the value. 



from which the desired wave-length, expressed in millionths 
of a millimeter ( , is given by 

A. = 10® ■\/'c~, 

if the milhmeter scale wave-lengths are used in calculating A 
and B. 

From the IvOmmel formula there follows: 




AB 

a 


The methods by which the angles of rotation for a innnber 
of rays of known wave-length were measured and from this 
the rotation dispersion of a substance determined are described 
in Part IV. Observations thus far carried out are baaed 
either on the Fraunhofer sun lines or on the lithium, thallium, 
or sodium line, or finally on certain kinds of approximately 
monochromatic light obtained by so-called ray filters. Up to 
the present time exact data have been given mainly for the 
following substances: 


44 . Rotation Dispersion of Crystals, i. Quarie.—Bev&rsl series 
of observations on this substance are on record, among which 
the older ones by Broch' (1852), Stefan® (1864). Soret and Sara- 
sin (1876) , may be excluded as the influence of temperature was 
not sufficiently considered, in reference to which it was first 
shown by Dubrunfaut* and later by v. bang' that it exercises a 
not unimportant effect on the rotating power of quartz. Soret 

» l^e’sRepert d Phys,, 7, us, Ann. cMm. phys. [3], 3.4, ,,5 (,8.,). 

« ^ret and Pogg Ann , 137, 447 (1876). 

Bubrunfaut Compt. rend , 33, 44 (1846) 

‘ T lAng Wien. Her . 71, n, 707 (1875). pogg Ann,, 13d, 43a (1873). 
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and Sarasitt> then pubHshed twonewawteeof observatiotus wMch 
are based accurately on a temperature of ao», and which may 
now be looked upon as the most reliable. These observations 
^ver 29 lines, from wave-length 214-760 mm ; those referring 
to the visible lines from ^ to /Tare given in the table beloj^ 
A quartz plate having a thickness of 30 mm. was used in the 
observations under I, while a plate with a thickness of 60 mm 
served for the observations under II. Some exact observations 
oy V. V. I<ang are given also.* 


Quartz. AngIvE oe Rotation for i mm. 


Fraunhofer 

lines. 


a 

n 

c 

A 

A 

A 

F 

G 

h 

H 


IJncH. 


Wave-lengths 
according to 
Angstroii: 


gsti 


Observed by 
gorct and Sarasin. 
Temperature ao®, 


760.4 
7««.36 
686.71 
656 21 

589-513 

588.912 
526 913 
486.074 

430.725 

41 U .12 

396,81 


12 . 668 '” 

14 304 

15 746 
17.318 

21.684 
21.727 
27 543 
32 773 
42 . 604 .' 

47.481 

51 . 193 '' 


II. 

12 628 '” 
14 298 


17.307 

31.696 

21.724 

27.537 

32 749 
42 . 568 “ 
47-492 

51 . 182 '' 


C 

D 

F 


A 

V Lang 

Temp ji‘. 

; Rays. 

656.21 

17 . 299 ° 

Li 

589.21 

ar .727 

Na 

486.07 

32 . 73 a 

n 


670.8 
589.2 
535. i‘ 


Mean. 


1265 ° 

14.30 
15 75 

17.31 

21 69 
21.725 

27.54 

32.76 

42,59 

47.49 

51.19 


Temp 0 ® 
16 , 402 ® 

21.597 

26.533 


Calculated by 
the formula 
of l^oinmet. 


12.78° 

14.37 
15 . 7 S 
17.34 

21.70 

21.74 

27.51 

32.69 

42.51 
47.36 
50.97 


Lang 

Tetnp ao*. 

16 . 460 ° 

21.660 

26 . 611 * 


Further meaiurementa have been made bv WasastleniA 

i oeen Investigated byp. Besalns (Compt. rend,, 84 , ios 6 fi 877 l V Russel 

(Compt. road., 114, aSSj Aaa. cWm. phy«. [6], a<,' 

< nT**?*!? 5 ^? k« 7 »w (r#ij4©l(!-B#Taaf«in, phyi, djoia. Tab., p. 383 ). 

CalcuUted f roa* tlur d«U lot o* iQr totaa* of OiitoUoh'* tampeiMum formal*. 
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The observations of Soret and Sarasin may be expressed by 
the Boltzmann dispersion formula with the constants: 

7.108 2930 , 0.147 7086 
(X in millimeters) 

and also by the formula of I/Ommel: 


a 



in which 

log a = 0.855 5912, log A; - 7.935 1257 10. 

(X in thousandths of a millimeter m) 

The angles of rotation calculated in this way are given in 
the last table 

Rotation of Quartz for Sodium Light * — Among observations 
in this direction, those recently carried out by Gunilich** in the 
physikalisch-technischen ReichsaiivStalt iiiiist be coiiMclerecl the 
most accurate. In these investigations, about twelve rigfht- 
and left-rotating round quartz plates, 50 to 60 mni. in 
diameter, from 1.2 to 10.5 min. in thickness (measured to 
o I jw), and, as nearly as possible, with plane parallel surfuces 
(maximum difference in thicknevSS 0.5/O were used. ^They 
were ground perpendicularly to the optical axis as perfectly as- 
possible, and special measurements showed that the axis error, 
that is, the angle between the optical axis and normal to the 
plate surface, was never more than 16'. The sodium light 
employed (from sticks of soda in oxyhydrogen lamp) passed 
first through prisms® and a slit, the latter of which served to cut 
out foreign rays. The determination of the angle of rotation 
was made by aid of a I/ippich half-shadow apparatus and in 
order to eliminate the error from lack of perfect parallelism in 
the plates, the latter were adjusted in four positioUvS, 90® apart. 
To determine the effect of temperature, the measurements 
were made m a room, the temperature of which could be 

1 See later, Part IV. 

3 E Gumheh ; Wissenschaftl. Abhandlungen der PhyBikaHach-tcdmlncheMi 
Reicbsanstalt, a, sot (1395), ztschr ftir instrumentenkunde, 1896, p. 97. 

8 Two Wernicke hollow prisms containing: ethyl clanamatc, 
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varied between and 30®. The investigations led to the 
following results : 

Pure sodium light is rotated by a quartz plate, i mm, in 
thickness at a temperature of 20®, 

21.7182® dz 0.0005, 

provided the light passes through the plate exactly in the 
direction of the optical axis. Under other conditions the 
rotation is somewhat larger , when the plates were set exactly 
perpendicular to the entering light, the angle was, on account 
of the axis error, in the mean 21.7223® ±: 0.0010, 

The angles of rotation for right- and left-handed plates 
were found to be exactly the same, and it was further found 
that quartzes from different localities (Brazil, Japan, Switzer- 
land) showed no appreciable variations. 

A difference in the behavior of unequally intense lights 
(oxyliydrogen lamp, Uaiidolt lamp) could not be recognized 
with certainty when the purification of the light from foreign 
TQ.y& was effected by the spectrum method But when this 
was done by other methods (Uippich’s ray filter with potassium 
dichromate and uranous sulphate) appreciable differences 
appeared 

Other observers have found earlier the following figures as 
expressing the rotation of quartz for sodium light at 20® ^ 


Brocli(i846) 21.67 

Stefan (1864) 21 67. 

Wild (1864) 21.67 

Mascart (1872) .. . .21 746 

V Ivang (1875) 21. 661. 


V Lang (1876). . . 21.724. 

Joubert (1878) 21 723 

Soret and Sarasin (1882). 21.723 
Soret and Guye (1892/3). 21 718 
and 729 


Effect of Temperature on the Rotating Power of Quarts — 
This IS exerted, as first shown by v. Uang,* in the sense that 
with an increase of temperature, an increase in the rotation 
follows. The increase may be expressed by the following 
formulas in which otf represents the angle at a higher tem- 
perature, and ^0 that at a lower temperature. 

Within mean temperatures Gumlich® found for right- and 
left-rotating quartz and sodium light : 

1 $ee Gumlicli \ Lqg* cU,^ p. 946. 

s V tang: Pogg Ann., 156, 422 CX875). 

3 Onmlicb . Loc cii , p 230 
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“< = “o (i + ° 05144 ^ 4-0 01,146 ii ) 
and for smaller diflEerences m temperature 
= (i + o.Osi47 0 


f holding between 
r o® and 30® 


Other observers have given coefficients which agree with this, 
thus 


V. I/ang,^ «/= tto (i + o 03149 t)i holding between 20® and 100®, 
Sohncke,^ at =: (i + 0.03148 if), “ 23® “ 100®, 

Joubert,® a/= ao (i + O3T49 

«« = ttp (i 4- o 031463 f + O.O7329 —20° 100^'. 

For low temperatures, Soret and Guye* found : 

»o (I + 0.O3X326O1 holding between —55® and +23®, 

a;+ tto (H- 0.031265 Oj “ —72® “ +18®. 

According to Le Chatelier® the rotation increases irregularly 
at high temperatures Based on observations made by him, 
that quartz undergoes a sudden change m dimensions at 570®, 
he calculates the following formulas ; 

Between o® and 570® * 

= Oq (i 4- o O496 t 4“ O.Og2l7 f^) 

At 570® there is an increase, ^ a = 0.043 ^o* 

Above 570® this expression holds .® 

a^= ttg (1.16s + O.O4I5 (t — 570°)) 

The angles of rotation found by Te Chatelier are * 


t 

Dlff 

II 11 
•< 


A == S18 

A 500 

A 448 
Mg 4 %nf 

20° 


17 25 

21 72 

28 62 

30.78 

39 - *4 

280 

260 

18 06 

22.68 

29 82 

32 16 

40.80 

415 

135 

18 60 

23.40 

30 60 

3* 90 

42 00 

560 

145 

1938 

2430 

32 04 

34.56 

44.10 

600 

40 

20 10 

25.26 

33 - 18 

35 76 

45.60 

900 

300 

— 

25.32 

33*4 

36.00 

45 84 


In these figures the sudden strong increase between 560® 
and 6po® may be recognized. 

1 V, Lang Loc, at 
a Sohncke Wied, Ann , 3, 516. 

8 Joubert Compt 'rend,, 87» 497 
* Soret and Guye. /dtd ,115, 1295 , 116, 75 
8 Le Chatelier • lop, ^44 (1889) 

8 Confirmed by Gumlich , Loc cit , p 230 
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According* to v, Bohmki^^ and Lc Chatelier® the tem- 

perature coefficient remains consta;nt for rays of all wave- 
lengths, but more exact measurement would probably disclose 
differences here. 

The rotation of quartz at low temperatures has been care- 
fully investigated by Soret and Guye.^ For a plate having the 
thickness of i mm. at 12° the following rotations of the 
sodium ray were found; 

/ = — 71,5 — 55.30 42.3® 0® + 17.7° + 22.7®, 

a/,=: 21.470 21.505 21.537 21655 21.719 21,730. 

These observations may be expressed with satisfactory 
accuracy by the interpolation formula of Joubert given above. 

2. Sodium Chlorate, NaClOg. — The angles of rotation of the 
regular crystals were determined by Guye® and also by 
Sohneke® for different rays and temperatures. Based on a 
thickness of i mm. these values were found* 



Guye 
a at 20* 

1 

I 

Sohneke 
a at 21* 

Guye ^ 
Relation or 
quartz to 
sodium 
chlorate 

a 

2.070® 

— 

6 908 

B 

2 273 

238“ 

6.927 

C 

2.503 

2 52 

6 9'5 

A 

3 128 1 

E 316 

6 9361 

A 

3*132 

— 

6 9362 

E 

3*944 

3.96 

6.982 

F 

4.670 

4.61 

7 013 

G 

6005 

5.89 

7.089 

h 

6.675 

— 

7.115 

H 

7.174 

6.86 

7 134 


For increase of rotation with temperature : 

Guye» . • * * ttQ ('i + 0.000586 j?), for = -f- 5 to 28®, 

Sohneke... <»/ =<= ao (l + 0.00061 1 ), =• + 16 ** 148®. 

1 Loe, ciL 
« L0C, ciL 
> cii. 

* Soret and Guye* Arch, sc, phys. et. nat. Geneve [3], ap, S43 (1893). 

» Guye; Arch, de Geneve, ^3], aa, 130 (18S9). The valued for fourteen ultraviolet 
lines are omitted from the table. 

0 Sohneke: Wied. Ann , 3, 529 (^878). 
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Among other active crystals the following have been inves- 
tigated with respect to their rotating power: 

Sodium periodate^ NalO^ + 3Hs,0. 

Potassium dithionate^ KaSaO^,, 

Lead dtihionate^ PhSaO^ + 4 HaO. 

The data for these have already been given in § 6. 


45. Rotation Dispersion of Liquid and Dissolved Substances. - 
As yet there are but relatively few observations on record in 
this direction, of which the older ones (on cane sugar, santonin, 
turpentine, bile acids, etc.) were made by the Brocli inctluxP 
and are based on the Fraunhofei lines, while the later obser- 
vations have been 'made by the ray filter method.^ The 
numerical data will be found in part VI, ** Constants of 
Rotation.” 

With substances which are in thenivselves liquid the rotation, 
as far as is known, shows a normal behavior ; that is, the 
amount of rotation increases with the refrangilnlity of the 
light. This is the case with the terpeiies and also in a series 
of derivatives of amyl alcohol, lately studied by (hive find 
Jordan,** which all have the simple molecular weight. ’ The.se 
bodies possess very different dispersive powers, wliich lor each 
^substance is a characteristic constant and may be exi>re.ssed l)y 
the difference M violet — [^]ied, and designated as the specific 
rotation dispersion. 

The same normal behavior is observed with many sub, stances 
in solution (cane ssugar, dextrose, santonin and derivatives, bile 
acids and others) . 

The following table will serve for the comparison of tlie 
dispersive powers of different substances with each other, and 
also with that of quartz, the figures referring to the rotations 
for the lines, B, C, D, E, Fmd G 


1 See Part IV Determination of Rotation Disperflion. 

« Guye and Jordan* Compt. rend., laa, 883 (1896). 

* Ramsay and Shields Ztsclir, phys. Chem,, la, 433, 

« Cane sugar m water, ^ = lo to 30. Stefan : Wien. Siteher, ga, II, 486. ChoUlie 
acid in alcohol, e-3. Hoppe^eyler s J. prakt. Chem., [1], 89,957. Cholesterol in 
petroleum, c -io I,mdenmeyer- j. prakt Chem., [i], 90, 393. Turpentine cdl and 
lemon oil, G Wiedemann Pogg. Ann., 8a, 999. Santonin in chloroform, e -stogo. 
Nasmi Accad d tinoei, fs], 13, (1889). 



ROa^Ai:‘lON>' DlSPJejRSION OF IvIQUIDS, mc. 1 $$ 




M 

, C 

D 

E 

F 

G 

Quartz a i mm ± 

15 75 

37*31 

4i.7i 

27 54 

32.76 

42.59 

Cane-sugar [a] i dm -j- 

47.56 

52.70 

66 41 

84.56 

101.18 131.96 

Cholalic acid • • * [a] ' * 

+ 

28.2 

30 X 

33*9 

44.7 

52*7 

677 

Cholesterol • • • • [a] * * 

— 

20.63 

25*54 

31*59 

39*91 

48.65 

62.37 

Turpentine oil • . a ‘ * 

— 

21 5 

23*4 

293 

36.8 

43.6 

*55*9 

hemon oil .*•. a “ 

+ 

34.0 

37 9 

48.5 

63*3 

77*5 

106.0 

Santonin [a] “ 

-j- 484 0 

5490 

754 0 

1088.0 

1444.0 

.1.. 


\ If we calculate from these figures how much more strongly 
the rays C, D, E, F and G are rotated than is the ray the 
following so-called coefficients of dispersion result » 


B C D E F G 

Quartz i 1 09 1,38 1.75 2 08 2.70 

Cane-sugar r in 1.40 i 78 2 13 2 77 

Cholalic acid* . - i 107 120 159 1.87 240 

Cholesterol. , i 124 153 193 2.36 302 

Terpentine oil i r 09 1.36 1.71 2 03 2 60 

Tetnon oil i r ii t 43 i 86 2 28 3,12 

Santonin i 1,13 i 56 2 25 2 98 

From this, it appears that the relation between quartz and 


cane-sugar is nearly constant, these substances having nearly 
the same rotation dispersion, while other bodies disperse either 
more or less strongly than quartz. This fact is applied in the 
construction of polarimeters with quartz-wedge compensation 
(Soleil’s color saccharimeter and the Schmidt and Haenschhalf 
shadow saccharimeter), when, as is usual, white light is 
employed. The construction of these instruments presupposes 
equality in the dispersive power of the active substance 
investigated with that of the quartz-wedges, and, therefore, 
substances which depart much from this relation cannot be 
used or studied with them. 

In studying the dispersion ratio between cane sugar and 
quartz some new observations of Seyffart^ may be used which 
are based on the rotation of sugar solutions for seven artificial 
spectral lines. If, as a basis, a solution be taken which rotates 
the red hydrogen line (Ha) through the same angle as a quartz 
plate I mm. m thickness, that is 17 31®, then for the other 
colored rays the following angles are found which are given 
along with the angles for quartz for comparison. (For some 
of the last, marked with a *, the values were found from the 

i Seyffart: Wied Ann , 41, ii3» 128 {1890). 



156 PHYSICAL laws op circular POLARIZATION 


above quoted measurements of Soret and Sarasin by aid of the 
Boltzmann interpolation formula,) 


Angle of rotation 

Color Ifine. Wave-length Quartz Cane-sugar Difference 

Red IIa{C) 6s6,2fifJL 1731 ® 17 * 31 ® “ 

Yellow Na{D) 589.2 21.72 21.78 0.06® 

Green Tl 535.0 2664* 26,81 0.17 

Greenish-blue.. 4861 3276 32.98 0.22 

Blue Sr 460 7 36.77* 37 18 0.41 

“ Hy 434.1 41.88* 42,44 056 

Violet JRbn 420.2 45.00* 45.78 0.7S 


From these figures the following dispersion coefficients are 
calculated : 


i/a 

Na 

71 


Sr 


Rbir 

Quartz i 

1 35s 

I 539 

1.893 

2.124 

2.419 

2.600 

Cane-sugar . . i 

1.258 

I.S49 

1.905 

2 148 

2452 

2.645 


It is seen that the dispersive power of sugar exceeds that of 
quartz, but the .difference is appreciable only in case of the 
blue and violet rays, which, on account of their low luminosity, 
are but little used in the quartz wedge saccharimeters. 

The dependence of the specific rotation of cane-sugar on 
the wave-length, X, of the light employed, may be expressed 
by a formula derived by Seyffart^ from observations on a 20 per 
' cent, solution. X is expressed in millimeters. 


[a]\ 


2 16036 5 47276 

ioKa^ lo'U* 


As examples of substances with larger dispersion, coupled 
with high specific rotation, we have the following santonin 
bodies, investigated by Nasini 






Santonide 

Parasantoiiide 

Fraun- 

Wave- 

length 

Aiigstrdm 

CieHigOs 

Solution in alcohol 

CibHisOs 

Solution in chloro- 

Solution^injihloro- 

hofer 

Unes 

C -s* I 783 


c — 3 to 30 
iz=20« 

= 3 to 50 

/=S! 30 " 

B 

686.7 

— no 4® 

1. 00 

c»] 

+ 484® 


+ 5^.5“ 

1.00 

C 

656.2 

589.2 

II8.8 

I 08 

549 

1.13 

1.56 

655.6 

1.13 

D 

161 0 

1 46 

754 

891 7 

L54 

M 

526.9 

222.6 

2,02 

1088 

2.25 

1264 

s.i 5 

% 


237.1 

2.15 

1148 

2.37 


2.30 

486.1 

261 7 

237 

1444 

2.98 

2,87 

e 

4383 

380.0 

3.44 

2201 

4 55 

2510 

433 

g 

422.6 

— 

— 

2610 

5.39 

3963 1 

510 


1 Seyffat± Loc c%t, 

3 Nasini Accad d Li-ncei, Cl. sc. fis mat e, nat, [3], 13, 1:882. 
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If an active body is dissolved in different' liquids, the 
rotation dispersion remains the same in all the solutions. This 
was shown by Gennari* with mixtures of nicotine with water, 
methyl alcohol, ethyl alcohol and benzene. 

Finally, as regards the effect of temperature on rotation dis- 
persion, Gernez* has observed that the dispersion suffers no 
change in turpentine oil, orange oil, bitter orange oil and cam- 
phor, and not even when, by aid of heat, the substances are 
brought into the condition of vapor. 

46. Anomalous Rotation Dispersion — With certain substances 
in solution the phenomenon is observed that the rotation of the 
plane of polarization does not change regularly with increasmg 
refrangibility (or decreasing wave-length) of the rays, but 
that for some color lying between the red and violet ends of 
the spectrum it has a maximum, or, also, a minimum. 
Further than this, the rotation may be the same for a number 
of different rays Such anomalies, which, as is known, may 
appear also in respect to refractive dispersion have been 
observed in the following substances 

d-Tartaric Acid — The irregulantiesinthe rotation dispersion 
of this substance were discovered by Biot" and later investi- 
gated by Amdtsen * The latter determined the increase in 
the specific rotation of the acid in solutions of decreasing per- 
centage strength, for different Fraunhofer lines, employing 
the method of Broch, and calculated the following interpolation 
formulas, holding for a temperature of 24°, q representing the 
percentage amount of water present' 


SpecUal 

lines 

Wave-length. 

[«] = 

-f 2 748 -t- 0 0945 q 

C 

656.2 

D 

5892 

[»] = 

+ 1 950 + 0 1303 q 

E 

526,9 

[«]--= 

H- O.IS3 -1- O.I7SI q 

bx 

518.3 

[«] = 

— 0.832 -|- 0 1915 q 

F 

486.1 

w- 

— 3 S98 + 0 2398 q 

e 

438-3 

[«] = 

— 9-657 + 0-3144 q 


If from these formulas, which hold to 7 = 40 (the strongest 
solution of tartaric acid which can be*made at 24® contains 60 

1 Oennari ; Ztacbr. pltys. Cliem., 19, 130 {iSgd). 

> Cernez : Ann. de I’ecole norm., 1, i. 

> Blot. Men. del' Acad., is> 93 (1838). 

* Amdtsen : Ann, chin, libys., (3)1 54i <»3- l®Si 3**- 
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per cent of the acid), but which certainly apply for q = 30, 
we calculate the specific rotations of solutions containing from 
30 to 90 per cent of water, we obtain the following numbers, 
given in order of increasing concentration* 


In 300 parts of 
solution 

Red 

Yellow 

Green. 

Green 

1 

Greenish 

blue 

Blue 

Water 

Q 

Tartaric 

acid 

[a]c 

[“]o 

[“ii: 

a]A 

[«]/■ 

[»]. 

90 

10 

II 25“ 

J36SO 

IS 92° 

16 40® 

17.98° 

18.64® 

80 

20 

10 30 

12 37 

14 16 

14.49 

IS 59* 

1549 

70 

30 

936 

II 07 

12.41 

1 1257 

13 ' 19* 

12 35 

do 

40 

8 42 

9 77 

10 66 

10 66 

10.79^ 

9.21 

50 

50 

7 47 

847 

8 91'*^ 

8 74 

8 39 

6.06 

40 

60 

6.53 

7 16* 

7 16* 

683 

5 99 

2 92 

30 

70 

558 

586* 

5 41 

491 

3,60 

— 0 23 


From this table it is evident that for some particular color 
each solution shows a maximum in its rotating power which is 
indicated by a For the weakest solution, with ten per 
cent of tartaric acid, the maximum occurs normally at the 
color of greatest refrangibility, e , but with increase of con- 
centration it passes gradually toward the red end of the 
spectrum, the 50 per cent solution exhibiting the maximum 
rotation for the green ray, and the 70 per cent, solution for the 
yellow. In these cases the rotation, after passing the maxi- 
mum point, decreases with increase in refrangibility and 
becomes finally negative for blue light with the most concen-' 
trated solution. This solution must therefore be perfectly 
inactive for some color between F and e. It is also evident 
that for certain concentrations different rays are rotated 
through the same number of degrees; thus the specific rota- 
tion of the solution with 40 per cent, of acid is 10.66° for B 
as well as for b, and for the 60 per cent, solution it is the same 
for D and E, 7,16°. 

The left-hand rotation which with a 70 per cent, solution 
appears for blue light, would increase and show even with the 
less refrangible rays, if it were possible to pass to more con- 
centrated solutions. The anhydrous acid, whose specific 
rotation is expressed by the first constants of the Arndtsen 
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foniiiila$, xrx\iBt; as shrowxi hy^^he^^tg^ exhibit right-hand 
rotation for the rays D and and left-hand rotation for 

jF and e. In fact, Biot^ yas able to observe such opposite 
rotation with plates made by pouring a mixture of tartaric add 
melted with a little water ; and Arndtsen* found that left 
rotation for the strongly refrangible rays is shown when con- 
centrated alcoholic solutions of the acid are used. 

The anomalies in the rotation dispersion of tartaric acid 
disappear when the solutions are examined at a higher tem- 
perature (Krecke) / or when a little boric acid is added (Biot). 
They are not shown with the salts of tartaric acid (Biot), 
which fact has recently been confirmed by Rimbach* in the 
case of rubidium tartrate. 

Make Acid — The rotating power for different kinds of light 
has been investigated by B A Woringeri by aid of the ray- 
filter method, and using solutions, the amount of water in 
which, q, varied from 49 per cent to 93 per cent The follow- 
ing interpolation formulas were derived, based on a tem- 
perature of 20° 


Red ... X == 665 9 MAt, [»] = 4 605 — o 0709 q 

Yellow “:rr:59I9“ “ — 6544—00957“ 

Green “ = 5330“ “ = 8349 — 01128“ 

Light blue “=4885 “ “ —10 121 — 01298“ 


Dark blue “ — 448.2 “ “ =14971—01730“ 

The Specific rotations calculated from these are 


Tabi^^ I 


Malic acid 

Water, 

Red 

Yellow 

Green 

I.ight- 

blue 

Dark' 

blue 

P 

Q 

50 

50 

-f- I 06 

+ 1-76 

+ 2 71 

+ 3 63 

+ 6.33 

40 

60 

+ O ' 35 

+ 0 81 

+ 1.58 

+ 233 

+ 4 59 

30 

70 

--0.56 

+ 015 

+ 0.4s 

+ 1-03 

H- 286 

20 

80 

— 1.07 

— I, II* 

— 0 67 

— 0 27 

+ 1*13 

10 

90 

-178 

— 2 07* 

— 1.80 

— 1 56 

— 0.59 

8 

92 

— I 92 

— 2.26* 

— 2.03 

— r 84 

— 0.95 

5 

95 

— 2.13 

— 2.55* 

— 2.37 

— 2.23 

— 147 


^ Biot Ann, chim. phys , [3], 351 

a Arndtsen Ann. chim, phys , [3], 54» 4^5 
« Krecke Arch Nedrlapd,, 7, (1873). 

* Rimbach ; 2Jtschr. phys+ Ohem , id* d7i ^ 

6 Woringer . Investigations in the anther’s laboratory, not yet published (1898) , 
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In another seties of observations carried out by Nasini and 
Gennati,^ in which the ray-filter method was employed, the 
yellow light, however, being that of the sodium flame, the 
following specific rotations, for a temperature of 20° were 
obtained : 

Table II. 


No 

dl^ 

p 

q 

[«: 

] rea 

[o]i> 

[« 

Oir> 

[“]» 

[' 


I 

1^3454 

72 79 

27.21 

+ 

I 80° 

+ 

2.86*» 

+ 

3.90“ 

H- 

5.20® 

+ 

639" 

2 

1.2723 

59 02 

40 98 

+ 

I 35 

+ 

2.08 

+ 

3-05 

+ 

4.21 

+ 

S 63 

3 

r.i86i 

42.80 

57.20 

+ 

0.19 

+ 

0.55 

+ 

1.18 

+ 

2 08 

-h 

3-29 

4 

I 1423 

34 27 

6573 

— 

0.18 

+ 

0.07 

+ 

0.51 

+ 

1.64 

+ 

2.20 

5 

1-1395 

33-24 

66 76 

— 

0.41 

— 

0.31 

+ 

0 07 

+ 

0.46 

"H 

0.86 

6 

I 1239 

30.02 

69 98 

— 

0.51 

— 

0 42 

— 

0.05 

+ 

0.29 

+ 

0.72 

7 

I 1193 

28 72 

71.28 

— 

0.79 

— 

0 67 

— 

0 46 

— 

0.22 

+ 

0.29 

8 

I. 1034 

25 67 

74 33 

~ 

0.94 

— 

0 81 

— 

0.69 

~ 

039 

+ 

0 14 

9 

I 0663 

16,84 

8316 

— 

I 07 

— 

1,28* 


i.os 

— * 

0 62 


0 00 

10 

1.063s 

16 24 

83 76 

— 

I 28 

— 

I 46* 

— 

1.30 

— 

0 91 

— 

0 36 

II 

I 0304 

8 23 

91.77 

— 

I 09 

— 

I 09 

— 

1.08 

— 

1.09 

— 

I 08 

12 

I 0156 

4.61 

95-39 

— 

1.87 

— 

1 17 

— 

2 56 


2.45 


2.51 


Prom these two tables the following appears 

1. Concentrated solutions of malic acid, with amounts of 
water varying from 27 to 60 per cent , exhibit right hand rota- 
tion for all colors, which increases normally with the refrangi- 
bility of the rays. 

2. In solutions with ^ = 66 to 75 per cent. (4 to 8 in Table 
II) the less refrangible rays rotate to the left and the strongei 
to the right. The point of inactivity which is passed here 
moves, with increasing dilution, toward the violet end of the 
spectrum. 

3. Anomalous dispersion is shown in solutions containing 
more than 80 per cent. (Table I) or 83 to 84 per cent, of watei 
(Table II, No 9 and 10); a maximum rotation ( 4 *) is showr 
for yellow rays 

4. In Table II the phenomenon appears that in a solutior 
with about 92 per cent of water there is equally strong rota- 
tion for all colop, and that one with q = 95 shows a minimun 
rotation for yelfew light, and then increasing left-hand rotatior 
toward the violet end. 

i Naami and Oennan • Ztsdir, phys, Cliem,, ip, 113 (1891) 
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There is less certainty about these observations however, 
because in such weak solutions the observed angles of rotation 
are very small Such anomalies do not appear in the results 
calculated for ^ = 92 and 95 from the interpolation formulas 
of Woringer, but a maximum is shown for the yeljow rays. 

Boric acid does not correct the irregularities in the dispersion 
of malic acid (Nasini and Gennari). 

Equimolecular Mtxiure of Nicotine and Glacial Acetic Acid^ 
Treated with Water, — In such combinations, Gennari^ has 
observed the appearance of anomalous dispersion, but only 
within very narrow limits of concentration. The specific 
rotation of nicotine was found m the following mixtures by 
means of the ray-filter method (for yellow, the sodium flame 
however) at a temperature of 20° • 




[“Jred 



[“]« 

Wdi 

Pure nicotine ) 

d \^ = 1 0107 1 

— 123.37 

— 162 84 

— 209 78 

— 250 71 

— 317 79 

Equimolecular mixture') 
of nicotine and glacial >• 
acetic acid J 

—55 63 

— 74 r8 

- 95 22 1 

1 

— 120 3 

— 143.54 

Mixtures of the same 
with water 






Original 

yiixture 

Water g 






81 26 

1874 

— 9 20 

— 12 57 

-^1683 

— 21 99 

—26 68 

78 87 

21 13 

“4 13 

—5 82 

—8 20 

-10.92 

... 

7784 

22 16 1 

—I 70 

-273 

—4 39 

1 -6 63 I 

—9-93 

77 45 

22 55 

—0 12 

—054 

—I 48 

' — 2 80 1 

—5 00 

76 39 

2361 

+0 78 

+0.52 

1 

-075 i 


76.30 

23.70 i 

+1.36 

(-098 

+0 74 1 

1 

—I 40 

76 23 

23.77 

+5 90 

f7 44 

+8 85 1 

+9 87 j 

• - 

76.10 

2390 

+ 12 92 

+ 16.74 

+20 72 

+2456 

+28 00 

Specific rotation of 
nicotine acetate i 






Salt. ' 

Water 






53.72 

46,28 

+ 16,44 

+21 36 

+25.81 

+29 os 

• 

4430 

55.70 * 

+ ^4.30 

18.85 

+22 83 

+ 26.57 

+31 37 

26 a8 

7352 

+ 13 21 

+1735 

+ 21 2S 

+23 98 

• •• 

24,28 

j 75 72 

1 1 00 

+ 16 96 

+ 2041 

+ 23.50 

+25.84 

I* • 

1 Gennari ; Ztschr phys Chem , t 
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As immediately apparent, pure nicotine and the mixture of 
this with one molecule of acetic acid possesses a normal left- 
hand rotation, increasing with the refrangibility of the light. 
As nicotine acetate rotates to the right it appears that a part 
the nicotine in the mixture must exist in the uncombined 
condition. 

The peculiarities in dispersion which appear when water is 
added to the equimolecular mixture of acetic acid and nico- 
tinei can be best seen from the following diagram. This extends 
from the red only to light blue, as [nr] for dark blue had to be 
omitted on account of incompleteness m the observations: 


I/eft-rotatioii. Right-rotation 

( a ) blue red, red blue. ( a ) 

22^20 18 IG U 12 10 6 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26^ 



It will be seen that 

1. In mixtures with i8 74 to 22.55 per cent, of water there 
is normal left-hand rotation for the different colors and that 
this decreases, the dispersion also, with increasing amount of 
water, 

2. The solutions containing from 23.77 to 23.90 per cent, of 
water possess right rotating power, which, with the disper- 
sion, increases in marked degree by the slight increase in the 
amount of water. 

3. With an amount of water varying from 23.61 to 23,70 
per cent,, the rotation and also the dispersion are very small, 
the first solution showing complete inactivity for green rays 
and the second for light blue rays. We have here then the 
case of appearance of a minimum of rotation with increasing 
refrangibility of the light. 





ROTATION DISPERSION OF LIQUIDS, Xg^j 

Nicotine acetate shows normal dispersion in stdntions con- 

tauMg 46 to 76 per cent, of water, as appears from the above 
table. 


^ Of interest finally are the conditions of dispeiision in soiti- 
tions of nicohne in acetone, ethyl alcohol propel akohd, for 
which Nasini and Gennari^ found the following specific rotations: 



p 

c 

r“]«d 

Wd 

: 

[« 3 * [«]» 

Acetone 

Bthyl alcohol. . 
Propyl alcohol.. 

22.00 

21 40 
21.15 

20 77 
19.09 
19 06 

— 4.93 
5.73 

— 3^30 

— ■ 6 01 

— 7.09 

— 3*62 

— 7.10 j 
—901 1 
1— 3 92* 

— 7 -S 3 I— 8.90 

— 9.71 1— 103a 

— 3.88 — 3 07 


The rotation and dispersion of nicotine in these solutions 
are seen to be very much decreased With the propyl alcohol 
there is even anomalous dispersion as the green ray appears to 
have suffered the greatest deviation 

In regard to the explanation of anomalous rotation disper- 
sion, Biot^ has shown at length that the phenomenon must 
appear when the ray of light passes two liquid layers which 
rotate the plane of polarization in opposite directions, and 
which at the same time possess different dispersive powers 
He employed in experiments left-rotating turpentine and a 
solution of right-rotating camphor in acetic acid, which w’ere 
contained in tubes placed one behind the other, and show’ed 
by calculation how the length of the column of the camphor 
solution and its concentration must be changed to reach a 
maximum or minimum of rotation for a given ray. That a 
perfect achromatism, that is equally strong rotation for all 
rays is possible, has been shown by investigations of Nasini 
and Gennari/ 

The same conditions naturally obtain when two oppositely 
rotating liquids are mixed in different proportions. Thus, 
V. Wyss^ was able to show a maximum of rotation for yellow 
light of wave-length 565 /i/i in mixtures of right and left 
turpentine oil. Further, Gennan^ found that if to a solution 

1 Nasini and Gennan. Ztschr. phys cliem , 19, 117 

2 Biot Ann. chun phys * [3], 36, 405 (1852) 

^ Nasini and Gennan /or. n/ , p i3i 

^ V Wyss Wied Ann,, 33f 554 (1S88) 

^ Ztsdbir phys Chem , 19^ 134 (1896) 
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of right-rotating nicotine sulphate, left-rotating nicotine 
be added gradually, in small portions, the rotation for the 
difEerent colors grows less and less, and that finally the 
left rotation of the nicotine appears in increasing degree 
for all rays. There is here the same condition as with the 
above-mentioned mixtures of nicotine, acetic acid and water, 
and the phenomena which these exhibit may be explained by 
assuming that the different solutions contain at the same time 
right-rotating nicotine acetate and left-rotating free nicotine in 
variable proportions. 

But on what the anomalous dispersion of the aqueous solu- 
tions of malic acid and tartaric acid depends, has not yet been 
definitely shown. An attempt at an explanation will be 
referred to later in §63. 

Finally, a special class of anomalous dispersion phenomena 
must be mentioned, which appear when the active solutions 
are colored. If white light is sent through these, absorption 
of some of the rays follows, and the rotation of those remaining 
does not then change regularly with the wave-lengths Cotton^ 
has investigated such conditions in solutions of copper tartrate 
and chromium tartrate in potash. 

I Cotton Compt rend , lao, 989, T044 > Ann chim phys , [7], 8, 347 (1896) 
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PART THIRD 


Numerical Values for the Rotating 
Power, Specific Rotation 


47. In the measurement of the optical activity of liquids and 
dissolved bodies, Biot^ introduced in 1835 the conception of 
specific rotation y indicating by this term, the angle of rotation 
[or], which a liquid would show if it contained in a volume of r 
cubic centimeter^ i gram of active substance^ and should act on • 
the polarized ray through a column i deameter in length 

As already explained in the introduction, §2, the specific 
rotation of bodies, in themselves liquids, is expressed by the 
formula 

(I) W =frT 

in which 

a = the angle of rotation measured for a ray of definite 
wave-length, 

I == the length of the observation tube in decimeters, 
d — the specific gravity of the liquid, referred to water at 
4° as standard. 

In the measurement of these three quantities, the tem- 
perature must always be considered, and should be kept the 
same for all As normal temperature, 20° C. is usually taken. 

The specific rotation of an active liquid for a given light and 
temperature^ for example^ expresses a characteristic con^ 

siant for this substance. 

For sohd active substances which are brought into solution 
by aid of an inactive solvent, the specific rotation may be 
derived in two ways, on the assumption that a is proportional 
to the concentration ; 

I. With determination of the concentration, Cy by whkiiis 

1 Biot M6ni de I’Acad , 13, 116 (1835) Ann chim . pbys , [3}, 10, 5- 
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luiderstood the number of grams of aotix-e sulwtance dissolved 
to make loo cc. of solution, we have the formula : 


(H) 


[«3 


a , HKi 

/.r ’ 


2. With the determiuatiou of the jx*reentage strength, />, of 
the solution, by which is undersltwsl the numlwr <»f grams «if 
active substance in kxi grains of the solution, and further of 
the sjiecific gravity, d, of the solutiini. We have then the 
formula : 

in which p d c. 

In many cases, esiHicially where we are eimet'rned with singU* 
values for the siiecific rotation, the exiierimentally Minpln 
(letennination hy formula (II) is surtieieut. A sululiou is 
made in a flask holding i<x5 true tv, at and this is jM>l.u 
ixed at the same teinpenitnre. Ihu if it is desiu-tl to follow 
changes in the specific rotation corresiKHiding to eh.mges jij 
the eomiHihitiou of the solution, it is necesviry to pieparc the 
latter by weighing the active subst.iiu'e and the sitlvent. .is 
the percentage amounts of both must lie known. It then 
remains to find the .specific gravity of the solnlion at • 
referred to water at 4”, determine the angle «, and eaUulate 
according to formula (III). 

The iletails of practical methods are given in I’art IV. 

As experience has .shown the six-cifie rotation eaUtilated 
from .solutions is .seldom a eonstunl mnnher : with most sub 
stances the value changes through several iiiflueiiees in a mote 
or less marked degree, being dependent on: 

1. The concentration of the solution. 

2. The nature of the solvent. 

The temiwrature. 

A detailed discussion of these relations will Iss given in the 
following chapters. 


I. COErSTAWT SPECIFIC ROTATIOBT OF DISSOLVED 
StmSTARCES 

48. Csne-Sugor was the first substance whose specific roution 
was determined by Biot in 1835 and he found that for a con- 
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stant length of the observation tube the angle of notation 
proportional to the amount of sugar in sdution; in otiier 
words, the same value resulted for [nr] whatever ccnic^tialicm 
of the solution was employed. The same was found for mix- 
tures of turpentine and ether. Biot, assuming from stici 
results, that the amount of rotation is amply |moportiocial 
to the number of active molecules passed by the light in gosx^ 
through the solution, reached the following law: 

“ When an active substance is dissolved in an inactive sol* 
vent, which produces no chemical change, the angle of rota- 
tion observed is proportional to the amount by weight of the ‘ 
active substance in the unit volume of solution, and the specific 
rotation is therefore a constant quantity.” 

According to our present knowledge, however, perfect con- 
stancy in the values for [or] are shown by but few substances. 
Even with cane-sugar later more exact investigations have 
shown that with decreasing concentration of the aqueous solu- 
tion the specific rotation increases slightly, it being in fact 
found that by changing the percentage strength from 65 to 2 
per cent of sugar, the value [^]£> increases uniformly from 
65.62° to 66 80°, that IS about i 8 per cent (See § 52.) On 
the other hand m certain qases even with great vanations in 
the concentration no such regular change in the rotation could 
be found, for example 

Milk-Sugar which was investigated in 32 aqueous solutions 
varying in strength from ^ = 2.35 to ^==36 cent., gave 
for the specific rotation numbers which varied irregularly 
between the limits = 51 94° and 53.18°. The mean of 
all determinations was [«]?= + 52-53° C„H^0 h.H,0 

(Schmoger).^ 

Khanmose shows between the limits ^ = 3 ^be constant 
speafic rotation [«]”= + 8.50° for (Schnelle 

and Tollens).* 

Parasantonide in Chloroform. — Of this very strongly rotating 
^ substance P3 solutions, varying in strength from^== 0.14 to 
48 per cent., gave rotations between = Hh 887.9® and 

1 Scbmoger Ber d diem. Oes., 13> ^ 9 ^ 
s Schnelle and ToUens Ann Chcm. (I4chl^), • 
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896.5®. The mean of all observations was == + 890.9® 
which differ-^ from the extreme values by only 0,5 per cent. 
The rotation is constant for other light rays than D, The 
temperature likewise did not seem to exert any appreciable 
influence. In solutions of the body in alcohol, however, for 
the slight change in concentration from / = o 26 to/ = 8.5 
a change from [<ar]5, == + 8S0 to + 833.9 followed 

(Xasmij ^ 

Santonide, dissolved in chloroform, for all concentrations 
betw een r 3 and 30 and for all kinds of light shows a con- 
stant specific rotation For example, for yellow, [ar]^? = + 
754 (Nasiuij.' 


Nicotine, which possesses the specific rotation [^z]S == — 164® 
dissolved in benzene gave the following numbers . 

Nicotine. [a]?; Nicotine [a]lf 

/ - 84 36 — 164 29® / = 19 00 — 163 95° 

4S 02 — 164 14 16 36 — 163 88 

25 47 164,10 8 52 — 163,67 

Mean [o]« = — 164 00° 


There is therefore here but a very small change in the specific 
rotation, amounting to only 0.2 percent (Hem) ® 

In like manner the specific rotation of nicotine remains 
alrao-^t unchanged when it is dissolved in ether or acetone, 
while with aniline and toluidine there is a slight decrease to 
about [a-jr = - 156.5 (Hein). The decrease in ethyl or 
propyl alcohol is somewhat more, while with water it is very 
marked. (See | 52.) 


Cocaine, dissolved in chloroform, shows for solutions vaiy- 
ing from p—io to 25, specific rotations which are always 
betn^u [a]5 = _ 16.28° and — 16 36° (Antrick) * 

With several other substances, for example, dis- 

Mlved in almond oil or olive oil {A-ignaxi) anA l-a-camihol 
d«so ved in alcohols, acetone, acetic ether or hydrocarbons 
( Haller) constancj' m the specific rotation was found, but the 

1 Nismi Ber d chem Ges , 14, 1512 

« X»Knt Accwl d tmco. [3]. ,3 (,gs,) 

* Heia inaujf Dmb , BerUa (1896) 

* Aatnck BCT d chem Ges., 20,321 
Aicaaa Sec next pansraph. 

* Haller Compt rend , iia, 143 
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W9tf9A but MRit VKtetiotis to concentP&ttofc 
Am it apfNuwat, toerdfom, tli« Blotkw given above possesses 
but a Umll^ ai^cability. 


II. TABUBLE SPXCmC SOTATIOH OF DISSOIVED 
SUBSTABCBS 


A. X^^pwdtnoe toe SpacUto Rotation os the Concentration of the 

Solutions 

4Q. In the inveHtigation of aqueous solutions of tartaric acid, 
llitit' found in 1838, that the specific rotation of this sub- 
Htnncc wa-* the larger, the more dilute the solution employed. 
Tim* e)i>te wnsi considered a long time as an exception, until in 
with the aid of Ixfttcr polarization apparatus, Biot* 
tcc«ign«/isl that the phenomenon appears with other substances 
iil«i Tht»'«, with increasing dilution of its solutions in alcohol 
irt u^x-lu ai id cunijihor showed a decrease m specific rotation, 
ltu|H'ntiite «m the tontriiiv, by increasing additions of alcohol 
III iihn ltd an uiiuasi-, ,uul liii.dlv, even w'ith sugar, a slight 
itu ii'.iM was < ibst I \ I (1 w nil an iiu'iease in the amount of water. 
Ik-sidts this, tlu iiitliiciice of the solvent \va.s brought to light, 
as III the last' <it c.uiiphoi iliflereiit values for [o'] were 
i»)>liui«id b\ tbsMihiiig It in .ilcoliol 01 iu the same aiiioiuit of 
anti« II id lliut then noted death the fact, that hi general 
the *(dius«if s|K«itic lotatioiis calculated from solutions are 
inou oi Uss \.iii.ible miiiilieis, and that consequently the , 
MiuUtiiles of the .11 live substances seem to suffer some altera- 
Inm In the piesi-nce of tile inactive solvent particles/ 

l-’oi ii lung time, however, this widening of our knowledge 
of A|Ksiiic lulrttmn reiniitncd largely unnoticed. The fact that 
Mt iKiliilioiis of caiie stigar, the angle of rotation is almost 
exactly |na|xirtinnal to the concentration, and that accordingly 
from the oWrvcil angle of rotation, the amount of sugar can 
tie ealcwlalect, led to the construction of the optical saccharim- 
etera whicH iioon Ixscame extensively used, and were also 


• RM «*m I'Aewr,, t$, n I phy*- [3J1 385. 

• Mmnit macli «■ AlfMS (Pouwtf rowt. ipec. &, 

TkM hoa ita. sad l»**iii«U«r. (Abb. cW«. phy*., [ 7 ], 4i »«. (*895)) 

(Sin)) iMd is* sisw* tBiwei«B«y, w)iBr«», lUl* Iwl t«>»« «*“* 
Iqr MMWMMift 
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employed in the investigation of other substances. In spite 
of the fact that Biot^ in i860 had published an extended paper, 
which contained a r6sumd of all his work in this field, and 
again called, attention to the correct relations, the opinion was 
still in the main held that active substances in general behave 
as does cane-sugar ; it was therefore considered sufficient in 
the optical examination of a substance to determine the 
rotation for a single solution and then, from this, by aid of 
formula II or III, to calculate the specific rotation and con- 
sider this as constant. In this way, a great many specific 
rotations have been determined, which, generally with no 
mention of the concentration or solvent employed, have 
slipped into the 'physical and chemical handbooks and have 
been retained for a long time. 

In 1873 Oudemans^ independently found that the specific 
• rotation can assume very different values when different 
inactive liquids are used as solvents. Hesse® published in 1875 
a large number of determinations of rotations, of over fifty 
active substances, and in solutions of different concentrations. 
Even with, only small variations in the latter (between i and 
10 grams iri loocc ) nearly all bodies exhibit marked differences 
in specific rotation, and in most cases a decrease m this with 
increase in concentration Still greater differences, amounting 
often to over 50 per cent , were found by varying the liquids 
employed as solvents The numerous investigations which 
have been carried out in the last tw^enty years on the rotation 
of new organic substances have led to the same results 

50. The Determinatioii of the True Specific Rotation of Dissolved 
Substances, According to Biot. — Only such value can be given to 
the specific rotations calculated from a single solution as 
attaches to a constant obtained under special conditions. But 
Biot^ showed long ago in his investigations on the rotation of 
tartaric acid how a definite meaning may be given to these 
variable numbers and this is explained in the following con- 
siderations: 

^ Biot : Atm. cBim pliys , [3], 59, to6 

3 Oudemaxis: Poggt Ann . 148, 337 : Ann Chexn (I 4 elng), 166, 65 

3 Hesse CBem. (Lietng), 176, 89, 189. 

4 Biot* del’ Acad, 15, 305 <1838); 16, 25 ^. (1838), Ann diim. phys [3], io» 

385 (1844), as, (1850); 36, 357 (1S52); 59 . 219 (i860) 
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For liquid active substances the specific rotation may be 
directly determined, and for a given temperature this is a con- 
stant. If now such a body, for example turpentine, be 
mixed in different proportions with an indifferent liquid, such 
as alcohol, and then from the percentage amount, the specific 
gravity and observed rotation, the specific rotations be calcu- 
lated, values result which differ more or less widely from that 
found for the pure substance. The original rotation of the 
body undergoes then a change by reason of the presence of 
the inactive molecules, most active substances showing an 
increase in rotation; a few, however, a decrease in specific ro- 
tation by increase in the amount of the solvent.^ 

If the active body is solid it can be investigated only in solu- 
tion, and, according to the constitution of the latter, different 
numbers for the specific rotation are obtained which do not 
represent the real specific rotation of the pure substance but 
values modified by the presence of the inactive solvent and 
differing from the first to an extent which is quite unknown. 

If a pure homogeneous liquid is employed as solvent so that 
indifferent molecules of one and the same kind only affect the 
molecules of the active body, changes in the specific rotation 
may be followed most readily by graphic representation by 
taking the percentage amounts of inactive solvent (g) as ab- 
scissas in a coordinate system, while the corresponding values 
for [a"] are taken as ordinates An increase or decrease in the 
specific rotation is often shown then as a straight line which 
inclines in proportion to changes in q and which may be repre- 
sented by the general formula 

(I) M=A + B^, 

the constants in which, A and may be calculated from the 
expenments. In other cases, on the contrary, the line 
obtained is not straight, but is a curve, ordinarily a part of a 
parabola or hyperbola, in which case the dependence of the 

1 This could he seen hy aid of a polarization apparatus placed vertically, the ohser* 
vation tube being left open above, net turpentine oil, for example, be poured into 
the tube and say i cm m height, and the rotation then observed Now by adding 
increased amounts of alcohol, and observing, greater and greater rotations will be 
found The number of active molecules is the same throughout, but they are distrib- 
uted through a lengthened column By employing nicotine and diluting gradually 
with water a constantly decreasing rotation would be found. 
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pecific rotation on g is shown by an expression of the form 

(II) Ca]=^ + ^7+C^or[a']=^-f 

or by some other equation with several constants. 

In these formulas, A represents the specific rotation of the 
the values for B, formula (I), and for B 
’ ormula ( II ) , represent the increase or decrease which A 
n ers y the presence of i per cent, of inactive solvent. 

g o we have the specific rotation of the pure substance ; 

, on the other hand, in equations I and II we put q — loo, 

- results for [or] a value which must be looked upon as 
e specific rotation of the body in solution of infinite dilution, 
we assume that in the case q= loo, the active body has 
on irely disappeared, and the liquid consists of the inactive 
so vent only^, the rotation then must become o This, accord 
mg to Biot, may also be derived from the above expressions 

by putting them equal to the equation [a] = 7-^. whicl 

represents the specific rotation as calculated directly from tb< 
observed rotation a. if m the last equation, in place of fi 
> The three con«ants.^.RandCof the fom«la M^A+ ^may be fouad a, 

«9) m the foUomi way, if for thre 

rotations ful *r’ l" n'rf inactive solvent, the corresponding speafi 

rotttions. [aji, [a]o and [ajs have been determined 
If we take 

£C=^b, C^c, 

tken the values for a and c follow from these equations , 

( We g> - Wx (?x) ^ ([«]o _ [a 3 i) c - (, 7 a - ffi) a « o. 

( - [a]x go “T c Ws - fat) C - (<^3 ^ g^ a « 0 . 

and therefore b from each of the following equations . 

(Wi — a) (gi + c) « — 

(Wa — a) (ffs + c) « — 

(Ws~a) ({?3 + 0 = 


Finally we have 

a — 

Biot brings the equation 


also into the form : 

w = 






= 5, 




C 


5 '=-^ and <7 = 


Instead of ? in the above formulas vve can natutaUy introduce ^ and wnte 
W ^ B (loo — 

[«3 ^ (loo— T- C(ioo— »s. 

« Biot : Ann. chim. phys., [3], 10, 399* § 59 ; 59, 224, § 15. 
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i. 


f 

t 


inasmucli as / + ^ = 100^ we put the value 100 — and 
take, for example, using formula (I), 


there follows 


a 100 

Ld (100 — q) 


= -(4 “f- Bq^ 



If in this equation we place q = 100, then or = o ; that is, the 
rotation has disappeared. If, on the other hand, q = 0 then 
there results a = l,d,Ay that is the angle of rotation which a 
column of the pure active substance I dm long with the specific 

OL 

gravity d shows From this y = A results and as at the same 


time^= [ar] it follows that [<ar] =Ay that is, the specific 

rotation of the pure substance without solvent. 

With active liquid bodies which may be mixed in all pro- 
portions with the inactive solvent, the change in the original 
specific rotation may be followed by experiment to the most 
dilute solutions, and consequently the whole curve from q = o 
to nearly ^ = 100 may be constructed If from a number of 
solutions m this case the constant A be calculated, a value 
must result which agrees the more perfectly with the real 
specific rotation of the pure substance, the larger the portion 
of the curve covered by the observations and the nearer this 
approaches the abscissa ^ = o, that is the greater the corre- 
sponding concentration 

If the active substance is solid its original specific rotation 
can not be directly determined, and at the same time, depend- 
ing on the conditions of solubility, only a more or less com- 
plete portion of the curve may be established, beginning at 
some distance from the zero-point of the coordinate system. 
If the constants of the formulas (I) and (II) be calculated 
from the observations made, the values obtained can be used 
for interpolation with accuracy only within the limits of con- 
centration embraced by the solutions used for the experiments. 

It may be asked now, how far one is justified in such a case in 
looking upon the value obtained for A as representing the 
specific rotation of the pure substance. The extrapolation 
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wliicli is made here is allowable when the change in the 
specific rotation is represented by a straight line, that is by 
the formula [a] •=. A Bq If, however, it is a curve, the A 
calculated from the formula [a] = A + Bq + Cqt (or some 
other one) will represent the true specific rotation, the lesJ 
accurately, the smaller the portion of the curve which could b< 
obtained. How far this end ma 3 ’' be reached depends, there 
fore, on the greater or less solubility of the active body. I 
only dilute solutions of it may be prepared, and if it appear 
at the same time that the values for [o'] do not increase o 
decrease linearly with q^ then there is no hope that the specifi 
rotation of the pure substance may be reached. 

If in formulas (I) and (II) instead of q, the amount c 
active substance in loo parts of solution, that is, be taker 
then the constant A represents the specific rotation in cor 
dition of infinite dilution, and the rotation of the pure sul 
stance follows w^hen p = loo is taken. But the use of ^ is t 
be preferred, according to the above explanations. 

In finding the specific rotation according to the formul 

[a] = ^7 determination of the specific gravity of tl 

solution is omitted, and only the concentration, by aid of 
flask of known volume, determined. If we change then tl 
above equations (I) and (II) into [a] = 31 + S^and ^ + Si? - 
6^ and place ^:= loo, there results the specific rotation for 
solution which contains in lOO cc. loo grams of active snbstanc 
But this would represent the pure substance only when i 
specific gravity is equal to unity ; but if this is different, = 
which is practically always the case, then for the value loo 
must be substituted This requirement can be satisfied b 
rarely, and even then not with certainty, as it assumes 
knowledge of the specific gravity of the active substance in 
unknown amorphous condition ; numerical values, theref oi 
of specific rotations coupled only with the concentratic 
without definite statements as to the specific gravity a 
percentage composition of the solutions, can not be used 
calculate the true specific rotation of the substance free frc 
solvent. 
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Finally, with reference to crystallized bodies^ it -must be 
understood that the constant A, calculated from their solu- 
tions, expresses, as a matter of course, only the rotation which 
is characteristic of the molecule. This value may be very 
different from the specific rotation which belongs to the solid 
crystal, as shown in § 7, because here, besides the molecular 
rotation, the crystal rotation comes into play also 


51. Reduction Formulas. — ^Alterations in specific rotation of 
dissolved bodies may be expressed, as explained above, as 
functions of 

1 . The percentage amount of inactive solvent, q' 

(I) M^A^Bq+ 

2. The percentage amount of active substance, p : 

(II) lcc']=a + bp + cp^i 

3. The concentration, c, or grams of active substance in 100 
cc. of solution. 

(III) [a] = 91 + 8^ + 

in which case, however, the constant, 9 t, has no definite meaning. 

In many causes the third constant in these expressions dis- 
appears. 

For transformation of the constants of the equations (I) 
and (II) we take:' 


a = A -\- 100 B + 10,000 C 
^ ^ — 200 C 

c = C 


A a 100 b + 10,000 
B = — b — 200 c 
C^c 


Thus Tollens® established the following formula for cane- 
sugar in an aqueous solution which holds within the limits, 
^ = 3 to/ = 69 per cent., 

= 66.386 + o 015035/ — 0.0003986 /^ 
from which follows for ^ = 31 to 97 per cent , 

[a] ^ = 63.904 + 0.064686 ^ — 0,0003986 

1 The calculation, of A from equation (II) follows by taking in equation (I) ^ » o 
and in { 11 ) p ^ loo and then equating the two On the other hand a follows from 
equation ( 1 ) when m (I) we take q « loo and in (II) / » o 

As ^ ^ 100 we have further the equations 

A B (loo — » + C (loo — /)3 t=A + 100 5 + 10,000 C + + cp^t 

a -{■ d (loo — ^) + c (loo — ^)8 — n + 100 d + io,ooo c + £q Cq^, 
from which the relations between B and and C and c follow 

2 Tollens Her d chem Ges , lO, 1410 , 17, 1757. 
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I/andolt^ found for camphor dissolved in benzene within th< 
limits = 37 to = 76 ; 

= 55-21 — 0.1630 S', 

from which follows for ^ = 24 to 63 per cent. , 

M2j = 38-91 +0 1630;^. 

It is sometimes required to change the constants of th 
equation 

[<r] ~ a -i- dp -j- , 

for a substance with molecular weight M so that they wil 
apply for a derivative (hydrate, salt, etc.) witli the molecula 
weight j^fj. Then the above formula becomes . 

[a] = «! -t- by^p -4- 
and the constants of this are found •* 

I. In the case, M <C. M-y from 



2. In the case, M'^ My from 



For example, the following equation was established b 
ToUens* for anhydrous glucose, C„H,„Oo, M — 180- 
[«]/) = 52.50 + 0.018796 p + 0.00051683 />“ 

From this there may be derived for the hydrate, CjHuO,, - 
HjO, My = 198, the following formula, taking into coiisideri 
tion that M My 

[«]o = 47-73 + 0-0155347^ + o 00038830 p\ 

52. Experimental Proof of Blot’s Formulas. — With what degrc 
of certainty the true specific rotation of a .substance may I 
calculated from observations on its solutions can be detennint 
by experiments on active liquid bodies. First, the .specif 
rotation is found directly, and then a number of mixtures wii 
inactive liqpids are prepared and from the ob.served rotatioi 
in these the constants in the formula [«] A Bg or [a] t 

1 3 ;aiidolt: Ann Chein (I/ieblg), .i8p, 334. 

2 In tile introduction, §2, the calciilatioii is carried out only for the case Af<, Afj. 

fl Tollens Ber, d. cheni Ges ,17, 2238. 
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A + Bq + Cg^ are derived. The values obtained for A by 
using different solvents must all agree very closely with the 
observed value [n^] , and it remains to see how far this agree- 
ment is diminished when only solutions of low concentration 
are employed in the calculations, as is the caise with bodies of 
slight solubility 

Experiments of this kind have been made with right and 
left turpentine, nicotine, and ethyl tartrate (Eandolt).^ 

In the following observations, which for purpose of illustra- 
tion are given in full, the angles of rotation were found mostly 
by aid of the Wild polaristrobometer and as the means of ten 
single observations The normal temperature of 20® employed 
was secured by jacketed tubes, the densities d are reduced to 
water at 4° as standard ^ 

/. Left Ttirpe 7 ihne Oil 

The French oil with boilmg-point 160® to 162° was used 
and the rotation found in two tubes of different length • 


dr 

l in dm 1 

a®’ 

1 1 

aoo 

D 

0.8629 

0.9992 

— 31 91 

—37 

00 

< ( 

2 1979 

— 70 20 

— 37 

02 


Mean, — 37 or 


a Mixtures with AlcohoL 


The specific gravity of the alcohol used was, = o 7957: 


Mixture 

No 

Turpentine oil 
P 

Alcohol 

Q 

dV 

0 for * 

1 2 1979 dm 


I 

9005 

9 95 

0 8556 

1 

0\ 

K) 

0 

— 3704“ 

II 

6994 

30 06 

0 8392 

— 4805 

— 37 25 

III 

4997 

50.03 

0 8254 

— 34-04 

— 37*55 

IV 

29.97 

70.03 

0 8127 

— 20 29 

— 3790 

V 

10 01 

8999 

o.Soir 

— 6.78 

— 3849 


1 nandolt Ann Chem (I<iebigr)i >89, 311 (1877) 

3 In tlie following tables all the numbers, which in the original paper were earned 
out to four places of decimals for p and to five places for d and to three places for a 
and [a], have been shortened In consequence a recalculation of [a] might lead in 
some instances to values differing by one or two units in the last decimal from those 
now given But this is of no consequence for the present purpose 
12 
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b. Mixtures with Senzene 


The benzene used had a boiling-point of 80.4® and a specific 
gravity, = 0.8803 


Mixture 

No 

Turpentine oil 
P 

Benzene 

Q 

< 

tt for 

/ =ss a 1979 dm 

[«]3? 

I 

8992 

10 08 

0 8634 

—63.47° 

—37.19° 

II 

77.93 

22 07 

0,8644 

— 55.50 

— 37.49 

III 

65 06 

3494 

0,8656 

—46 79 

—37.80 

IV 

51.05 

4895 

0 8677 

— 37 .r 8 

-3818 

V 

36 90 

63.10 

0 8705 

— 27 20 

—38.52 

VI 

22,06 

77 94 

0 8738 1 

— 17.21 

—3903 

VII 

1 

9.98 

90 02 

0 8771 

— 7.59 

-39.45 


c. Mixtures with Acetic A<Ad 

) 

The acetic acid used had a density, 1.0502, corre- 

sponding to 99.8 to 99.9 per cent, of real acid. 


Mixture 

No 

Turpentine oil 
P 

Acetic acid 

Q 


a for 

/ sa 2 1979 din. 

[«■]?? 

I 

90.16 

9 84 

0.8757 

— 64.46^' 

—37 15° 

II 

78 07 

21.93 

0 8917 

“57 23 

-37 41 

III 

64.86 

35.14 

0,9116 

— 49.24 

— 3789 

IV 

5097 

49.03 

0.9353 

“40 27 

— 3843 

V 

22 96 

77 04 

0 9918 

— 19.86 

— 39 67 

VI 

984 

90 16 

1,0233 

— 8 90 

— 40.22 


As the above observations show, the specific rotation of the 
turpentine increases in all cases with increase in the amount 
of inactive solvent q, and in the curves shown in the graphic 
illustration (Fig. t6) that for acetic acid ascends the most 
rapidly, that for benzene less, and that for alcohol the least. 
The curvature of these is not great, but they differ too much 
, from a straight line to permit the application of the formula 
[a] z=.A-\' Bq, If the constant A is deteniiined from two 
mixtures, values are found which are always smaller than the 
specific rotation of the pure turpentine oil (37.01), and which 
depart the more widely from this, the more dilute the solu- 
tions are that are used in the observations. This is shown, 
for example, by the following figures : 



BXJERrsmNTAI, PROOB 0® BIOST’S PORMUI.AS 



Fig l6 


am the mixtures 

There results 

Deviation from 

Extrapolation 

-mth alcohol 

A = 

37 01 

Per cent 

I and II 

36-93 

— 0 08 

10 

11 III 

36 79 

— 0 22 

30 

in “ IV 

2;6 66 

-035 

50 

IV " V 

35 87 

— I 14 

70 


If, on the other hand, the formula [o'] = A Bq C<f, 
be used and the constants be calculated from solutions with 
the smallest,^ a mean, and the largest value for there results 
for A a number which is very near the specific rotation of the 
pure turpentine oil, and further, the formula agrees in a very 
satisfactory manner with the whole determined curve from 
^ = 10 to 90 

There follow from the mixtures with 

a. Alcohol, calculated from solutions I, III, V, 

Mtj = + 0.004816 q + 0.0001331 

b. Benzene, calculated from solutions I, IV, VII, 

la]o = 36,97 + 0.021531 q + 0.0000667 
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c. Acetic Acid, calculated from solutions I, IV, VI, 
MiJ == 36.89 + o 024553 i H' <i 

These formulas give the following interpolation valut*.s: 

Ml. 


BohUions 

in 

Alcohol . . . . 


licn/cne 


{ 


Acetic acxtl * 


MiTctiire 

No. 


Ohseived. 

CnlculHttfd 

II 

30.06 

37 25“ 

37.24" 

IV 

70^03 

37.90 

37.96 

II 

22.07 

37.49 

37.48 

in 

34*94 

37.80 

37.80 

V 

63.10 

38.52 

38.39 

VI 

77.04 

39.03 

39-03 

II 

21.93 

37.41 

37..50 

III 

35*14 

37.89 

. 17-93 

V 

77.04 

39.67 

39.60 


Ctii ♦ 

0.01“ 
1 0.06 
o.tu 
ti.tvii 

I o.t)7 

n.tMt 
\ n.oo 
I o.n-l 
0.07 


If we employ only tlie dilute {solutions in calculntinK tin* 
constant by tlie tliree-term ‘formulas, deviaiitms of tlu* 
following kind are found. 


l^rom the niixtuies 
with 


Alcohol . 
hen/ene . 



There results 

Devlatlou 

i»i 1 1 


A - 

fnnn ■^7 

n, IV, V 

37 * 20 ® 

1 0.19“ 


III, IV, V 

35*13 

1.83 

50 

in, V, VI 

37 26 

1 - 0.25 

35 

V, VI, VII 

35 42 

1.59 


II, IV, VI 

36.65 

0.36 

zx 

IV, V, VI 

36 00 

I.OI 

*t9 


{ 

{ 

Acetic licit! . | 

The deviations from the true value amount then to h* - 
us soon as the mixtures contain more than about 50 pci cent 
of inactive liquid. 

//. Right Titrpcnfine OiL 

The American oil used showed at a temperature of 21'* llu* 
following densities and rotations, the last being fottntl hy two 
different polariscopes: 

Apimuitup H 

I 2 1990 dm 

II 2.1990 “ 


(if 

0.910B 


1-28.35“ 1- i.i.ifi" 

-1-28.315 I 1.1.14 

Mean, 14. IS 


Mixtures ivith Alcohol. 
The following mixtures were made : 



BscM tEn c m yyAi^ WIO0E w^ lio#*# eokmmuui j^h^ 


Mixture 

No. 


f 


, •«». 

W*. 

I 

n 

nr 

73»09 
47'Sr 
3 a.a 4 j 

5S.49 

77-76 

0.876s 

0.8464 

0.8186 

aO.42® 

+ 13.08 

Hh 6.04 

+ * 4 .S 0 « 

+ 14.79 

+ 15.10 


Also here with increasing dilution, a slight increase in the 
siwcifie rotation follows, njid the graphic illustration (Fig. 17) 
shows that the three points 4 ie almost exactly in a straight 


‘ ' n J ,(J (to /<• 'Ml III I 

i‘iK »r 

line. The simple f.nnuil.i (<») ,/ i /{,j oan theiefore lie 

aiiplietl. lor the euiist.ints in wliieh we h.ive 

Krtim liiiKl II ,/ /,' I ..,)it 4 J 

11 " 111 1 1 i.s Cl inai5 

I *' 111 i-l.iS ctiin7H 

1 he Millies fcitiijil fill ,/ agree. !ieetti(liiiglv, very eli).si*lv with 
those touiu! Ity iliitvt oliserviition of the turpentine oil (in 

thenuMii i.(.i 5 ‘’). 

The mean of the uIhivi* values for .■/ niul />' gives this 
formula : 

[nfJ/J 14' 17 i 0.01178 </. 

///. Ninttme {Lf/t-Nolatinf^), 

A preparation .secured by distilling the commercial product 
in an ntmasphere of hydrogen was tested as to purity, and was 
found to have a boiling-point of a46.6®-a46.8'* at 745 mm. 
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The rotation, as well as that of the mixtures given later, v 
determined by means of the Wild polaristrobometer, and wt 

rfr / as [a]?; 

i.oiio 0,9992 dm —163.20° -161.55° 

a. Mixtures with Alcohol 


The alcohol used had a specific gravity, rfj" 0.7957' 


Mixture 

No. 

Nicotine. 

/ 

Alcohol. 

9 


1 

a for 
/ 0 9992 

W 

I 

90.09 

9.91 

0.9884 

141.16*^ 

15H.6 

n 

74 93 

25 07 1 

0.9536 

- 110.62 

154.^ 

III 

59.93 

40.07 

0.9200 

-- 83.63 


IV 

45.08 

54.92 

0.887s 

■ 5949 

l 4 H,h 

V 

30.03 

69.97 

0.8554 

- 37*32 

145*4 

VI 1 

14.96 

85.04 

0.8251 

— 17.46 



As shown, the specific rotation of the nicotine deerea.Ht* 
the dilution with alcohol increases. The graphic construoi 
(Fig. i8) leadstoa straight line with slight variatiou.s to eil 
side, and, corresponding with this, we obtain for the comstt 
of tile formula [a] =: A + ffq, almost the same values w" 
ever mixtures are made the bases of the calculation : 


From 
iiiixtui es 

There results 

A 

Deviation 
from 161.55, 

Kxtiapolation. 
l»er cent. 

Ji 

I and III 

160.90® 

0.65° 

10 


II ‘‘ IV 

160.06 

1.49 

35 


III “ V 

160.31 

1 24 

40 

M.ai, 

3 V " vr 

161.96 

\ 0.41 

55 I 

1 

I VI 

160.90 

- 0.6s 

lu ! 

1 


We find therefore, from dilute solutions also, results f« 
which, in view of the .strong rotation, agree very well will 
value found for [«] (' - --161.55) from the pure nicc»‘ 
l^om the means of A and li we obtain the formula 

[a]35 -160.83 — 0.2224 57, 
which leads to the following interpolation results : 
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Mixture 

No* 

f 

Obiniikl. 

Celc^teiS* 

Cet**- 01 »iu 

I 

9.91 

158.65* 

158.65* 

— ' 0 * 0 j| 

n 

35.07 

* 54.98 

155.36 

+0.34 

III 

40.07 

151.78 

151.93 

+0.14 

IV 

54.9* 

148.81 

148.63 

-0.19 

V 

69.97 

145.43 

145.37 

- 0.15 

VI 

85.04 

141.60 

141.99 

-f- 0.3a 


i. Mixtures wiiA Water 


Mixture 

No. 

Nicotine* 

/ 

Weter. 

9 


fin dm. 


[«]S 

I 

89.93 

10.08 

1.0267 

0.9992 

133.47* 

-- 133.85* 

11 

78.39 

a 7 « 6 i 

1 . 03 S 3 

0.9992 

^.82 

- 109.53 

in 

65.90 

34.10 

1.0401 

0.9992 

« 4.54 

^ 94.34 

IV j 

53.48 

46.5a 

i. 0,^65 

0.9992 

47-95 

86.58 

V ' 

34.39 

65.71 

I. 032 H 

0.4982 

. 14.11 

80.78 

VI 1 

17.6.H 1 

82.33 

XMI6 

0.4982 

6.855 

76.94 

vn 1 

16..34 i 

83.66 

x*tx)96 

i). 49 B 2 

6.317 

76.88 

vni i 

«.97 

91.03 1 

i,otJ 47 

0.999a 

6.{ki4 

75*53 


From the table it apjwarh that the specific rotation of the 
nicotine suffers at first a very sharp decrease with increase in 
the amount of water added, which later becomes Krodually 
less. The stroiifyly bowed curve (Fi^. iH) is a limb of a 
hyiJcrbola and it is not js»shible by use of the formula [of] = 
i /itjf I tV’i ‘-■ven with addition of a fourth or fifth member, 
to reach a .suti.sfuctt}ry agreement with the okservatioiis. The 
.siwcific rotation of the pure nicotine may be found, even ap- 
proximately, only by calculation from the mimbers obtained by 
observations on the .stnmj{c.Ht .solutions. There results, for 
example ; 

i-'itim mUtufM I. n, in I, IV, vn. iv, v, vni. 

« 6 ,Vi 7 J 5 .V«i 141.16 

If it is de.sired to expre.ss the whole curve, n« equation of 
some other form must lie employed, as, for example, the 
following which contaimrfive constants : 

r«] llS.Oiq*- 1.706075' I I/' 3140. H 1 o8.«67 5+ 2.55735*, 

1 Tb« KiHfdflc ttFAvity of mtxUifoii nt flrNt wUh the Increeffe In tbe 

wAtrr« it mAxlmum with mixture in. unci then deorettMiii. 










sxpssnnHTAJE. momf or mot's mmsutAs x8$ 


For paw uicotiiie (?**o) &* above ‘ fomnla gf^' 
aw r6iit9^ia»tead of the obeerved 161.55*. i 

For f =s 100 = 74. * 3* ; by dflution, nicotine euffers there- 

fore a decrease in its specific rotation which amounts to more 
than half its original value. 

/y. Ethyl Dextroiarlralt. 

The preparation used, which was not quite pure, gave the 
following specific rotation 


dT 

/ 


Mt; 

I.) 9«9 

f i^QQoadm 
\ 0.4982 ** 

9.3a' 

4*97 

8.29® 

”•3,} 



Mean, 

»l. 3 t 


II. MLviutes 7 viih Altohol. 

vSiK'cific gnivlty of the alcohol d*' 0.7902 : 

Mixluii* Hthvl tinlniti* u Jm 

is,%, f> if I * ' ^ ^ ^ 

16315' «78« 

6.H7 9.62 

*1.1/ 9.«5 

The speeifio nitalinn incivascs giatlually, therefore, with the 
amount of aleohol. and the olunj;o may l)e lepre.sented by a 
curve of veiy .slight curvature (I'ig. n;) which alino.st coin- 
cides with a stiaight line. Ki>r the iormula [orj J | 
there follows ; 


l*nim nuxUiffs 

■ mill 11 

8 . 3.1 /V 

} o.niyH 

II ii 

n " III 

8..SS 

(Uit7t> 

II II 

I •• 111 

8.36 

0.0193 

and in the tncun, 

W,. H. 4 « ■ 

0.0187 



The formula with three constants gives A -- 8.27®. 

» Yhi^lmtKTfrct imrlty «f ihc inilmtiiiictf tfinployed wiift wltliout conwetiucnce for 
thU iuv«»KUtcittinu % a»«* ctntltl jtmt ft* welt Uk© ft mlsetur© of the nctive body with any 
iimetlve Mulmtiiiice ft* » InuhIii, ftitd tletermine how exftctly the orlghml ftpcclflc rotation 
mtjrht l>e fouful from oheervitticinii on nolutiunii. 


I 77 yh i.»»*St 7 I 

II VVra M -26 tiynHq 

in 12.3 ^ 77^7 





H' 2U >0 I'l 10 to 


Fig. 19 


b. Mixtures with Methyl Alcohol 


Mixture 

No 

lEttliyl tartrate 
P 

Methylalcohol 

g 

df 

a for 

/ « 2 198 dm 

C«]s 

I 

77 46 

22.54 

1.0882 

1788° 

9-65° 

II 

56.65 

43 35 

j I 0007 

12.97 

10.41 

III 

39-92 

60.08 

0.9381 

8,98 

10.92 

IV 

26.97 

73-03 

1 0.8946 

5.87 

11,07 

V 

15*31 

84 69 

0.8568 

323 

II . 21 


The slight change which the specific rotation of the ethy 
tartrate suffers by reason of the presence of the methyl alcohc 
is not quite proportional to the dilution but may be represente 
by a curve, at first rather strongly and later less vStrongl 
inclined (This does not show in the figure because of th 
small scale on which it is drawn.) From mixtures I, II, an 
III we have 

[o:]^ = 8.42 + 0.0625 q — 0.0003479 

the constant A agreeing fairly well with the rotation of ti 
original ethyl tartrate. If we use for the calculation th 









Tltese were polarized iatmecEiately after making. 


Mbctute 

no. 

ntbyl tsitrcte. 
> 

Water. 

f 


f-"-" 

1 lioAsL 

nr 



I 

69.69 


X.Z506 

2.198 


14.00^ 

II 

39.8* 

60.18 

IX0B4 

2.Z99 



in 


! 86.11 

1.0293 

2.X98 

^ 9 ^ 

25.20 


The very strong increase in the specific rotation of tlie tar- 
trate on addition of water is almost proportional to the amotmt 
of the latter added. For the constants of the formnla, 
[or] =:z A + obtain ; 


From mixtures 1 and II 
“ 11 *• III 

.* .. J M jij 


A - 7.69 B ^ -r- 0.2082 
8.66 o 1920 

7 92 o 2007 


and in the mean, 


[«]i) = 8 09 1- o 20O3f. 

The marked deviation in the constant A from the specific 
rotation of the onginal tartrate (8 31) may be a result of the 
beginning saponification of the latter. After forty-eight hours, 
the above solutions gave rotations smaller by o. i to o 2°. 

From the above investigations with turpentine, nicotine, 
and ethyl tartrate as well as from many other experiments, the 
following relations have been established : 

I, The spea^c rotation of an active body on increasing dilution 
with an indifferent inactive liquid suffers no sudden change, but 
a gradual progressive alteration. Whether the latter is in the 
nature of an increase or decrease depends on the nature of the 
active body ; thus, oil of turpentine and ethyl tartrate on being 
mixed with different solvents show always an increase, while 
nicotine and (for whidi experiments follow in §53) 

show a decrease in the ^)edic rotation. But on (met ami the 
same acrive body diffesentsoivcnfe in very different d^;rees> 
so riiat if the rmoMB were represented grapfeicaBy cwrves 
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would be obtained, which, starting from the origin of 
coordinates, representing the rotation of the pure substance, 
would radiate from each other 

The weaker, therefore, a solution of an active substance is, 
the greater is the deviation of its specific rotation from that 
which it shows in pure condition. The whole of the changes 
which have been found here may be shown by calculating 
from the interpolation formulas, the limits for^ = o (pure 
substance) and^ = ioo (maximum of dilution) With the 
bodies investigated we obtain the following numbers 


Actue substance . 

1 

Solvent 

! 

1 Of the pure 

1 substance 

1 

For maximum 
dilution 

1 ^ = 100 

Difference 

1 

Turpentine oil ' 
(left-rotating) ; 

alcohol 
benzene 
acetic acid 

' 36 97° 

' 36 97 

! 36 Sg 

1 

38 79® 

39 79 

40 72 

+ I 82° 

+ 2 82 

+ 383 

Turpentine oil 
(nght-rotatmg) 

alcohol 

' 14 17 

15 35 

-f 1.18 

Nicotine i 

alcohol 

I 

1 160 83 

"38 59 

— 22 24 

(left-rotating) ’ 

uater 

! 161 29 1 

74 "3 

--87.16 

Eth'vl tartrate ' 

alcohol 

8 27 

10 19 

+ I 92 

(nght-rotatmg ) 

8 42 

11.19 

+ 2 77 

1 

uater 

8 09 

28 12 

1 

+ 20 03 


It appears, therefore, that the specific rotation of an active 
substance is changed by different solvents to very differeni 
degrees 

2 F rom the speqfic rotation of a number of solutions it ispossi bh 
to calculate that of the pure substance. The degree of certainty 
with which this IS true is different for different substances 
and is dependent on the following conditions a Upon th^ 
extent of the changes made in the specific rotation by th< 
inactive solvent. The greater these are, the more unfavorabl 
in general, are the conditions for calculation (as in the case o 
nicotine for example), b. Upon the manner in which thes 
changes take place by increase m the amount of inactiv 



solvent, tha^tis, they may he represented hy^a>' 

straight line, or hy one more or less strongly curved, c. Upon 
the concentrations of the solutions lised. The stronger these^ 
are the greater is the certainty in the calculations. The above^ 
investigations show that m oases where the formula, 
[or] = -j- Bq^ IS applicable, the constant A agrees accurately 

with the true rotation of the pure substance (or within a few 
tenths of a degree), when the strongest solution contains about 
50 per cent, of active substance. If, on the other hand, the 
use of the formula, [or] =A + Bq + is necessary, vari- 
ations of more than a degree can appear if solutions containing 
less than 80 per cent of active substance are taken as the 
basis of calculation, 

S In the calculation of the original specific rotation of a sub- 
stance y the same value is always obtained independently of which 
indijferent liquid is employed as a solvent The numbers found 
for the active bodies investigated (the constants A') are given 
below 


I Turpentine Oie (eeet) 

Directly observed . ... [^]z> 37.01® 

Calculated from the mixtures with alcohol 3697 

“ “ “ “ “ benzene . . “ 3697 

“ “ “ “ “ acetic acid. “ 36.89 


— 0.04° 

— o 04 
+ o 12 


II Turpentine Oie (right). 


Directly observed “ 14 15 •••• 

Calculated from the mixtures with alcohol ‘ 14 17 — o 02 


III Nicotine (left) 


Directly observed ” 161.55 •••• 

Calculated from the mixtures with alcohol “ 16083 — 072 


water .- . “ 16129 — 0.26 


IV. Bthyt Tartrate (right) 

Directly observed “ 

Calculated from the mixtures with alcohol “ 

“ methyl alcohol “ 

<< «< «« “ “ water 


831 

8.27 — 0.04 
842 +0.11 
8 09 — o 22 


The differences found are so small that they evidently must 
be results of errors of observation. 

In the comparison of the rotations of differ erii dissolved 
bodies^ only those values may be used which^ hold for the pure 



A 




substances, that is, the constants A, If specific rotations whicli 
embrace the changes due to the solvents be taken as the basis 
for comparison, possible relations will appear, the less dis- 
tinctly, the weaker the solutions from which the numbers 
were obtained. 

In certain case& the constant A can have, besides, a different 
meaning from that of simply expressing the onginal rotation 
of the single molecules of the active body. This would be 
true w'hen the active substance forms definite compounds with 
the solvent, or when the active molecules unite to form aggre- 
gations which as such possess rotation. See § 63 and 64. 

53. Determination of the True Specific Rotation of Solid Active 
Substances.— The method to be employed here is suggested by 
what has just been given. First of all it is essential to pre- 
pare solutions of the greatest possible concentration, and as the 
nature of the inactive solvent is immaterial one must be chosen 
which best permits the fulfilling of this requirement With 
the aid of such a solvent it is necessary to prepare at least 
three solutions of different concentrations and to determine 
their rotating power. If the relation between the specific 
rotation, [a], and the percentage amount of the solvent, q, be 
expressed graphically and it is seen that the three points lie in 
a straight Ime, that is, that [a] changes directly with q, then 
the constant, A, calculated from the formula [a] ^ A + Bq 
will express the specific rotation of the pure substance But 
if the middle point lies higher or lower than the others then a 
larger number of solutions must be investigated in order to 
establish the cur\’'e as completely as possible, for which then a 
corresponding interpolation formula =:= A + Bq + 
or analogous one) is to be calculated. It is also possible to 
obtain by the graphic method, that is by prolonging the curve 
obtained to the abscissa ^ = o, a value which approximates 
more or less dosely to the speafic rotation of the pure sub- 
stance. 

It must be understood that numbers obtained by such extra- 
polations must be received with caution. To secure greater 
certainty it must not be neglected to carry out the investiga- 
tion with several different solvents; if the values so found for 



wiv/4<4^ 


the constant A agree among themselves closely the mean oft ^ 
these will be taken as the sought-for specific rotation of the^ 
substance, but if they do not agree the whole calculation must 
be rejected. 

In consequence of their conditions of solubility the calcu- 
lation of the specific rotation of the original substance^ is 
made very difficult in many cases. According to experience 
as referred to above it will be possible to obtain reliable num- 
bers only in such instances where solutions may be made with 
at least 50 per cent, of active substance, and where further the 
. curve of rotation obtained does not vary too much from a 
straight line. With all difficultly soluble bodies there is no 
prospect of finding the true specific rotation in pure condition. 

As an illustration of obtaining the true specific rotation of 
an active solid substance, a series of experiments with ordinary 
camphor may be given here. A number of solutions in differ- 
ent liquids were made and from these the following figures 
secured by observation. 


Solvent 

No of 
solu- 
tion 

Camphor 

P 

Solvent 

9 

df" 

as foi { 

/ = 2 1979 dm ' 

1 t 


I 

65 2519 

34 7481 

0 98983 

72 117° 1 

50 801° 

Acetic acid 

II 

39 7183 

60 2817 

I 01128 

41 652 1 

47 181 


III 

15 8819 

84 I181 

I 03389 

15887 ! 

44 021 


I 

53 7260 

46 2740 

0 93269 

58 492 1 

53.109 

Acetic ether. 

11 

34.5489 

65 4511 

0 91987 

36 520 

52.283 


III 

14 9221 

8s 0779 

0 90686 

15 290 

51 408 

Mono- 

I 

54.2184 

45.7816 

I 04206 

65356 

52 631 

chloracetic 

II 

31.3990 

' 68 6010 

I 08670 

38340 

51 123 

ether. 

ni 

14 2332 

85 7668 

X 12243 

17 543 

49 961 


I 

63 1250 

36 8750 

0.93067 

63575 

49 236 

Benzene. 

11 

49 6359 

so 3841 

0 91920 

47 097 

46.966 


III 

243^89 

75 8831 , 

0.89910 

20 638 

42.948 

Dimethyl - 

I 

57 -itSi 9 

42 8481 

095997 

59-533 

49370 

II 

36 0428 

839572 

095914 

35 X 5 r 

46.263 

aniline. 

III 

15 1028 

84 8972 

0 95813 

13 708 

43.xor 

Methyl 

I 

49 3888 

50 6134 

0 88093 

46 840 

48 996 

II 

30 3154 

69 i6846 

085318 

26 820 

47.179 

alconol 

III 

II 2590 

88 7410 

0 82700 

9382 

45.844 


I 

54 7281 

45 2719 

0 8S021 

50634 

47-823 


II 

49 8142 

50.1858 

0 87194 

44.806 

46.934 

Alcohol. 

III 

30 1620 

69.8380 

0 84031 

25013 

44.901 


IV 

15 0920 

84.9080 

0 81752 

II 840 

43.661 


V 

9 6883 

90.3117 

0.80943 

7.378 

42.806 
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The specific rotations with all these solutions decreases i 
the amount of solvent increases, but in very different degree 
with different inactive solvents The graphic illustration (.Fi^ 
20) shows that these changes may be represented almo, 
exactly by straight lines when as solvents acetic acid, acet 





OP SOI,l© SUBSTAKTC^S 

ether, monochloracetic ether, behzehe and dimethylainline'' I 
used; the formula, [a] = ^ -f Bq, js then appli(^ble Ltlie 

'■ i ~ used for the calculations. ft 

tv contains ; (i), the values obtained fcS 

the constants ^ and £ from the different solutions • (2) £1 
mean interpolation formulas calculated froib these • (3) ’ the’ 
^Iculated specific rotations of thesolutions employed obid^l 
by these formulas, and the differences between tS 
observation values given in the preceding table. 



X 


3 

Solrent 

[a] =sA—Bg 

Means 

Solu- 

tion 

[“]u 

calcu- 

lated 

Difference 
from obser- 
vations 

Calculatioi 

from 

solutions 

3 

A 

£ 

Acetic 

acid 

land I] 
II and II] 
I and II] 

E 55 73 
[ 55 17 
: 55.58 

0 1418 

0 1326 

0.1373 

[“]n =55 49 
— 013723 jr 

I 

II 
III 

50 72 

47 22 
43.95 

— 039 
+ 004 

— 0 07 

Acetic 

ether 

land II 
II and III 
I and III 

55 II 
55.21 
55 14 

0 04307 

0 04458 
004384 

Wi >=55 15 
-0 04383 y 

I 

II 

III 

53 12 
52.28 

51.41 

-f 0 01 

0 00 

0 00 

Mono- 

chlor- 

acetic 

ether 

land II 
II and III 
land III 

5565 
5577 
55 69 

0 06608 

0 06769 

0 06677 

Mu = 55.70 

— 0 06685 9 

1 I 
II 
III 

52.64 

51.12 

49-97 

+ 0 or 

0 00 
-f o.or 

Benzene 

land II 
Hand III 
land III 

55 45 

54 96 

55 21 

0 1683 
0.1587 
0.1620 

[“]/>= 55 21 
—0 1630^ 

I 

II 

III 

I 

n 

III 

49.19 

47 00 
42 87 

— 005 
+ 003 

— 0 08 

Di- 

methyl- ! 
aniline 

land II 
[land III 
land III 

55.68 

5592 

55 76 

0 1472 
0.1510 
0.1491 

>]u = 55 78 
— 0 1491^ 



49 40 
46 25 
43 13 

+0-03 
— 001 
+0.03 

Methyl 

alcohol 

I 

II 

III 

W-D =56 15 *” 0.1749 ^ 

+ 0 0006617 




Alcohol 

in 

V 

W-D =54.38 -*-0.1614 q 
+ 0 0003690 I 

II 

IV 

47-21 

43.33 

+ 0.28 

— 033 


• The formula [a] = ^ + gj^es [.] 

C+y ® '• •’z) 

13 


54.83 — 


43 879 g 
231 82 + ^ ' 

’’I ' 


r' r 
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If we compare with each other the values obtained for the 
constant A ^ from the different solutions an agreement is found 
which, in consideration of the great extrapolations necessary 
(from q = o, amounting to 25 to 50 per cent ), must be con- 
sidered as a very close one ; we can look upon the mean of 
these numbers, therefore, as representing the true specific 
rotation of the pure camphor. The values for Bj depending 
on the solvent, vary on the contrary, very greatly. If we 
calculate from the formulas the specific rotations for the two 
limits, q=^o and q = 100, the following results are obtained, 
from which may be seen to what extent the different solvents 
influence the rotating power of camphor * 


Solvent 

[ex]jy forg=^o 

Fure substance 

[or] ^ for g « 100 
Infinite 
dilution 

Total 

change 

Acetic acid 


41 8° 

13 7° 

Acetic ether 


50*8 

44 

Monochloracetic ether 


490 

67 

Benzene 


3S9 

16 3 

Dimethylaniline 


40.9 

14 9 

Methyl alcohol 1 


45 3 

10 9 

Alcohol 


41 9 

125 


From the numbers obtained we have finally as the original 
rotation of camphor at 20°, 

Wt) = 55.4“. 

with a mean error of o 4®. 

54. Slight Changes in Specific Rotation by Variations in Concentra- 
tion. — Such are observed, as will be shown later in the chapter 
in which changes in the rotation are more fully discussed, in 
cases in which an action of the solvent on the active body is 
as far as possible excluded, and where, therefore, molecular 
aggregation, dissociation or hydrolysis, etc., can not take 
place. A body of this kind is cane-sugar for which ToUens^ 
and also Schimtz* have shown by accurate investigations that 
the specific rotation undergoes a slight but regular increase 
with decrease in the concentration. The observations of 

I Tollens Ber. cL cliem Ges , lo, 1403 (1877) 
s Schmitz Idtd^ 10, 1414. 




S-UGHT VARIATIOKS 


which were carried oat by methods described in 
^ using a Wild and also a half shadow polarimeter, are given 
liere as an illustration of careful experiments : 


3 sro 

Grams 
sugar in 
100 grams 
solution 

Grams 
sugar in 
zoo cc. 
solution 

Specific 

gravity 

for 

Ms 



P 

e=pd 

dT 

t ~ 2 dm 

Observed. 

Calculated. 

Obs.--<^ 

I 

II 

III 

IV 
V 

VI 

vn 

64978 

54964 

39-978 

25 002 
16.993 

10 000 

4998 

85.543 

69 108 
47039 
27 594 
18 144 
10 382 
5087 

1.31650 

I 25732 
: 1.17664 
1. 10367 
1.06777 

I 03820 

I 01787 

1X2 268® 
91066 I 
62348 1 
36 670 

24 128 
13.824 
6.776 ' 

65.620® 

65.888 

66.272 

66 441 
66448 

66574 

66.609 ! 

65.619® 

65.911 

66.242 
66.448 
66.506 ' 
66.528 1 
66.526 

-{- 0,001® 

— 0,023 
+ 0.030 

— 0.007 

— 0.018 
+ 0.046 
-0.083 


In calculating the constants of the formula [a] = ^ -i. 
the solutions I, III and V were used, then II, IV 
and yi and the m^ taken. The following equations were 
Obtained with relation to the percentage amount of sugar, p, 
and that of the water, loo — p = q, which, as seen from the 
table, agree very well with the observations 

Ms = 66 5:0 + o 004504 p — 0.0002805/* 

Ms = 64.156 + 0.051596 q — o 0002805 ^ 

_ The investigations of Tollens’ which embraced an examina- 
tion of seventeen solutions, with / = 3.8 to 69 2 led to th«>se 
formulas' 


M” ~ 66.386 + 0.015035 p — 0.0003986 /* 

[«]S = 63 904 -f- 0.064686 q — 0.0003986 <f 
By a different method of calculation from the observations 
of Tollens, Th. Thomsen* derived this equation, 

[«]S = 64 190 -|- 0.0552:2 q — 0.0003134 ^ 
the constant A in which (64.190) agrees very well with that 
of Schmitz, 64.156. We can therefore look upon these num- 
bers as giving with considerable certainty the specific rotation 
of cane-sugar in amorphous dry condition, as the concentra- 
tions of the solutions were carried to an yextrmne degree. 

1 Tollens. Ber, d. chem. Ges., lo, 1410 ; 17, 1757 
® Th Thomsen Ibtd , 14, i^r 
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Experiments whicli were carried out by Biot^ and later by 
ToUens® on tbe specific rotation of cane-sugar in fused condi- 
tion led to uncertain results because of beginning decomposi- 
tion, and can not be used therefore to control the above results. 


55. Specific Rotation in Very Dilute Solutions, — If the rotating 
power of an active body is changed by some effect of the sol- 
vent, it might appear possible that this action would come to an 
end after a certain decrease in the concentration had been passed, 
and consequently that, with still further dilution, the specific 
rotation would remain constant Such an effect could be 
produced, for example, by electrolytic dissociation 
Investigations of this kind offer, in general, very consider- 
able experimental difficulties, inasmuch as the errors of obser- 
vation assume a great importance in connection with the small 
values of the angles of rotation. Thus far, but a few sub- 
stances, partial or non-electrolytes, have been tested in very 
dilute solutions with reference to their rotating power 

Tartaric Add — The s^iedfic rotation of aqueous solutions 
increases with the dilution and according to Amdtsen® may 
be represented, for amounts of water from ^ = 50 to 95 per 
cent., by the formula * 

[a]*} == I 950 + o 13030 q 

That this increase in the specific rotation goes still further 
by increase of q from 95 28 to 99 65 has been shown by experi- 
ments undertaken by Pribram^ But this no longer cor- 
responds to a linear formula as pointed out by Bremer,® and it 
appears that [or] increases more rapidly than it does in con- 
centrated solutions. 


Cane-Sugar,— A number of investigations have been earned 
out on the rotation of this substance in very dilute solutions. 
The formula of Tollens (§54) for concentrations from 
= 69 to 4, 


[«]S = 66.386 + o 015035 p — o 0003986 
gives at first an increase m the speafic rotation when the con- 

1 Bxot M^m. de PAcad , 13, 131 (1S35) 

* ToUens Her. d chem. Ges , 10, 1413 (1S77) 

4 ^ ^ 

Pnbmm * Ber d chem Ges , ao, 1846 

» Bremer Rec Trav chim Pays-Bas , 6, 258 
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centration is diminished- from 69> paf 4:eDt., and 
tnaximtun at ^ = i8.36 par cenL (66.528°) ; there is then ade- 
crease, so that for/ = i.i, [ar] = 66.402°. Direct ezperimmits 
•wi£h dilute solutions' with / = 10 to i per cent, of si^;ar gave ir- 
regular values between [or] = 66.499° and 66.276°, the varia- 
tions in which from those calculated by the above formula fle 
within the errors of observations, but show ingmieral a dig^ 
decrease Pribram* m dropping from = 3.659 to a222 in 
five steps found a continuous decrease in the spedfic rotafibh 
from [ar]S = 66 531° to 66.213°. On the other hand, Naani 
and Villavecchia’ observed for five concentrations lying between 
p = 1.253 3.nd o 824, a regular increase from M“ = 67-37* 
to 68 24°. The results are therefore contradictory ; but for 
practical use, the Tollens formula may be looked upon as 
satisfactory for all concentrations. 

Dextrose.— to Tollens* the formulas, 

Aiih7drous dextrose = 52.5° + o + 0 ooo$i 6 &p‘ 

Dextrose hydrate [a]” = 47 73 + 0.015534/ + o 0003883/*, 

derived from concentrated solutions, satisfy the results of 
observation down to a decreased concentration of / = i. 

It has not been certainly shown, therefore, with any of the 
above substances that the character of the curve expressing 
the dependence of the specific rotation on the concentration 
undergoes a change for very great dilutions. A case, on the 
other hand, where the behavior is essentially different will be 
discussed in the following paragraph. (See Nicotine.) 

56. A Value of Spedfic Rotation.— This peculiar phe- 

nomenon has been recognized in the following cases : 

I^icoUne, dissolved in water. As already diown in §52, the 
specific rotation decreases in a very marked degree as the dilution 
increases, and this was followed to $’= 9^ cent., at 
which point the original rotation of the nicotine, = 
— 161.55° had sunk to — 75-53- Pribram* first n^ced that 
when q is increased from 96 to 99 per cent., an increase in 

X ToUezis Ber d. c^exn, Ges., I 7 » X 75 X* 
s Pribram * Ibtd , ao. 1848 
» Kasim and Villaveccbia* Wled Bcib , i6> 366. 

* Tollens : Ber d cbem. Ges , 17, *238 
a Pribram , IM , ao, 1848 
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the rotation from [ar]g = — 77*03^^ to — 79-32* follows This 
behavior has been more fully investigated by Hein,' who 
determined the point of minimal rotation ; he employed a 
sample of nicotine with = — 164.00® and examined eight 
dilute solutions at temperatures of 5°, 15® and 20°. These 
tests were combined with a senes of cryoscopic molecular 
weight determinations of nicotine = 162) in the 

same or nearly same concentrations The values obtained are 
the following : 


In 100 parts by weight 


[a]g 

Ms 

Molecular weight 
determination 

Xicotme j Water 

P > q 

1 

Nicotine 
in 100 
parts of 
solution 

Molec- 

ular 

weight 

found 

Varia- 

tion 

from 

162 

15 592 84 408 

— 73 39° 

— 76 18® 

— 77 59“ 

13 736 

27s 

1 13 

11206 88794 

730s 

7596 

77 01 

II 512 

261 

99 

10258 j 89742 

72.78* 

75 59 ^^ 

76.89 

8307 

235 

73 

8 307 ' 91 693 

73-07 

75 76 

7684* 

5.700 

209 

47 

5700 94300 

73 8 r 

76 00 

76 96 

3.016 

180 

38 

3 016 ‘ 96 984 

7446 

76 27 

77 25 

2 042 

168 

6 

2042 97.958 

74 74 

7635 

77-32 

I 225 

165 

3 

1 061 j 98939 

74 79 

7683 

77 66 

0.346 

163 

I 


It appears, therefore, that at the temperatures of 5° and 15® 
a minimum specific rotation (marked *) occurs when the 
amount of nicotine is about 10 per cent., and at a temperature 
of 20® this minimum is found in the solution of about 8 per 
^nt strength. From the molecular weight determinations it 
is seen that nicotine in very dilute solutions is present as a 
normal molecule while in the more concentrated, hydrates and, 
likely, molecular aggregations exist. To these a much lower 
rotating power must be ascribed than to the pure nicotine 
but if these are broken up by increasing dilution, as suggested 
by the decrease in the molecular weight, more and more fresh 
mcotine appears by which the decrease in the specific rotation 
IS gradually arrested and finally an increase in the rotation 
‘‘Y«l>erdasspedfische nrehtmgsvermbgen und das Moleculargewwht des 



must follow. In this manner it may be possible^ 
occurrence of the minimum in the case in hati^j 

I*er cent of water. 


KlcofSne In ailute 


aqueous solution 


II 


m 


Minimum j at 6i 5 per cent acid 

Minimum at 63 5 per cent acid 
Fig 21 


Percent of acid 


In Fig-. 21, above, the rotation for 20® is graphically shown. 
Camphor, dissolved in isovalenc or caproic acid. The follow- 
ing solutions have been investigated by H. VogeF and a mini- 
mum rotation (*) found for large concentrations : 

1 H. Vogfel. “Ueber das optisclie DreliungsvermdgendesCaiupliers.’^ Inang Dissi. 
Berlin (Investigations earned out on tbe author’s laboratory ) 
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Isovalenc acid 

Caproic acid 


Camphor 

P 

Val aad. 

9 

MS 

Camphor 

P 

Capr acid. 

q 

MS 

52.37 

4763 

+ 53 - 43 ° 

49 84 

50 16 

+ 53-67“ 

46.71 

53.29 

5329 

47.88 

52.12 

5363 

43.03 

5697 

53 16 

43.30 

56.70 

53 46 

3855 

61.45 

53 - 10 * 

36.48 

63 52 

53 22* 

36.71 

63.29 

53 20 

26.19 

73.81 

5342 

32.22 

66.78 

53-28 

18.49 

81 51 

53.70 

27.06 

7294 

53-40 

853 

91.47 

56.51 

18.28 

81.72 

54 51 

2.31 

97.69 

67.19 

12 63 

87-37 

56.02 

1 

.... 


946 

9054 

58.17 

.... 

. .. 

" *• 

436 

9564 

68 41 

.. 

... 

.... 

305 

96.95 

76.44 

.... 

.... 

• . . 


As seen from the above numbers, and also from the graphic 
illustration in Fig. 21, the specific rotation of the camphor 
decreases at first in very slight amount, from the point of 
greatest concentration on, with an increase in the percentage 
of acid, but reaches a minimum when the amount of isovaleric 
acid is 61 45 per cent or the amount of caproic acid is 63 52 
per cent Then a slow increase in the rotation begins, and 
only after considerable dilution does a sudden and marked 
change appear. Corresponding to the minimum point in the 
rotation there is no simple molecular proportion between the 
amounts of acid and camphor. The dependence of the specific 
rotation on the amount of acid can be represented, according 
to Vogel, by the following formulas : 


Isovalenc acid [a]S = 57.15 — 0.12572 q + 0.001000$^® 

Caproic acid == 5 ^ 90 — 0.16846 q + 0*0012791}'* 


Solutions of camphor in other fatty acids do not exhibit the 
appearance of a minimum or a great increase in the specific 
rotation with strong dilution, but '[a] decreases regularly with 
increased addition of acid, as was true with the solvents 
described in § 53, Vogel gives the following observations* 


V Ajw "JiCUXATXU^ ' ^ 



I Formic acid 

Acetic acid 

Propionic aad 

N. Butync add 

7 

[a]!? 

9 

MS 

Q 

C«]s 

9 

MS 

35-89 

+ 39 - 93 ° 

47-25 

+ 49.37® 

60.92 

+ 50.53® 

49 10 

+ 53.49° 

49.11 

3 S-o 8 

61.16 

47.20 

69.40 

49-70 

6307 

SI-35 

57-68 

32-38 

65.65 

46.60 

76.93 

48 98 

6839 

50.94 

65.62 

29.85 

70.40 

4593 

86.30 

48.34 

76.76 

50.07 

75.95 

26 91 

80 78 

4424 

.... 

.... 

8834 

49.67 

79.56 

26.03 

8358 

43.87 

.... 

.... 

9344 

4956 

.... 

.... 

91.50 

43.36 

... 

.... 

.... 

.... 


The effect of these fatty acids on the original rotation of the 
camphor (+ 55.4°) is decreased, as easily seen, with increased 
molecular weight of the acids. It is not clear upon what the 
peculiar behavior of the valeric and caproic acids depends. 

57. Reversal in the Direction of Rotation by Change in Concentra- 
tion. — In the case of bodies whose specific rotations decrease 
with increase in the amount of solvent, it may happen that the 
rotation will sink to zero and then, with increased dilution, 
rise in the opposite direction. 

This behavior was first noticed by Schneider^ in aqueous 
solutions of ordinary malic acid aifd some of its salts, for 
which the following results were obtained. 


Malic acid 

Sodium acid malate 

Sodium malate 

Banum malate 

9 

[«]s 

9 

j — 1 

I 1 

9 

MS 

9 

MS 

29 88 

+ 3 - 34 ° 

3945 

+ 015“ 

34 47 

+ 472° 

90 62 

+ 1 81° 

40.01 

+ 231 

50.46 

-1,71 

44.74 

+ 2.15 

91.50 

+ I.61 

50.13 

+ I 38 

60.28 

-3.27 

51.21 

+ 0.50 

95*01 

+ 054 

53-53 

“H 1,00 

69.98 

— 4.26 

53 16 

— 0 16 

98 04 

— 10,11 

62.47 

+0.17 

79.81 

“• 5-57 

5778 

~ 1,26 


.... 

6334 

-|- 0.09 

8005 

— 564 

66.09 

—3 43 



6474 

— 0.04 

.... 

.... 

70,01 

—434 


.... 

70.31 

— 0.34 

.... 

.... 

74.73 

—5.28 


— 

70.94 

— 0.63 

.... 

.... 

85.34 

—6.98 


.... 

83.35 

-1.58 

.... 

.... 

94*73 

—8.39 

1 

.... 

85.65 

— Jt -73 

.... 

.... 

.... 

..... 


.... 

91.68 

— 2.30 

.... 

.... 

.... 

.... 

.... 

.... 


1 O, H Schneider* Ann Chem (X^ieblg), 307 » 357 
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The relation of the specific rotation to the amount of wate 
can be expressed by the formulas, 


Malic acid. [a] “ = 5 89 — 0.0896 q 

Sodium acid malate - - [or] g = 9 37 — 0.2791 ^ + 0.001 152 

Sodium malate [a] J = 15 20 — o 3322 q + 0.000814 


from which by taking A + Bq Cq^ =0, the values of 
are obtained at which the solution becomes inactive. 

Malic acid Sodium acid malate Sodium malate 

q = 65.76 40 25 52.57 

A change in the direction of rotation does not occur wi1 
the other alkali malates ; they all exhibit increasing- le 
rotation with changes in concentration from greatest strengl 
to extreme dilution. 

The causes on which these changes possibly depend ai 
explained in §63. 

The same phenomenon has been observed with /-sodiuj 
lactate dissolved in alcohol (Purdie and Walker),^ and wit 
aqueous solutions of the barium salts of ^-methoxysticcin 
acid (Purdie and Marshall)^ and ^-ethoxysuccinic acid (Purd 
and Walker) ® This may be seen from the following table i 
which c IS the number of grams of active substance dissolve 
in 100 cc. of solution At the foot of the table are given tb 
concentrations corresponding to the inactive points 


/-Sodium lactate 
(in alcohol) 

d-Banum methoxysuccinate 
(in water) 

rf-Banum ethoxysuccinat 
(in water) 

c 

MS 

c 

MS 

c 

MS 

23 21 

19 79 
11.20 
9.29 

7.47 

5.60 

2.24 

I.X 2 

0.56 

— 2 28<= 
— 2 22 

— 0 80 

— 048 
+ 134 
+ 250 
+ 893 

4- 1036 
+ 2053 

26 13 

12 42 

5 75 

I 15 

— 14.27'^ 

— 736 

— 2 21 
+ 3 -i 6 

21.48 

10.77 

456 

-4.37 

+ 2.46 

+ 6.37 

8.81 

0 

385 

0 

1463 

0 


Purdie and Walker. J Chem Soc, 67, 631 In tlie ongmal, the values ( 
— [a] are given 

2 Purdie and Marshall J Chem.Soc., 63,227 
» Purdie and Walker ^ , 63, 235 


\JJS, uxstUJ!LXm::iPf J,1M KUXATIOW. 


A change of sign takes place with the following substances, 
investigated by Preundler,^ when they are brought from thp 
pure condition (c = loo) into solution: 


<f-Ethyl diacetyltartrate 
in chloroform 

rf-Propyl dicaproyltartrate 

In bromoform 

In benzene. 

c 


c 

[«].> 

c 


100 

+ 50° 

100 

+ 2.2° 

100 

+ 22° 

50 

— 53 

23 16 

— 5*2 

19^59 

— 2 0 

40 

— 5.9 

588 

— 71 

10.83 

-3.6 

30 

— 6.5 

239 

— 8.0 

5 45 

— 43 

20 

— 7.1 

.... 

... 

X 54 

— 5.4 

10 

— 7-5 

... 

.. 

.... 

• • 

5 

— 88 


• • 

.... 

•• 

2 5 

— 10 0 

... 

... 

.... 

. . . 


58. Increase or Decrease in Specific Rotation with Increasing Dilu- 
tion of Solutions. — As shown by the examples thus far given 
with some substances there is an increase, and with others a 
decrease in the specific rotation as the amount of solvent is 
increased In order to show at a glance the relations found, a 
number of observations are given in diagram form, the increase 
or decrease of rotation being indicated by the direction of 
arrows. The solvents used are given in parentheses.** 


A Ificrease in Rotation, 

I , Active Acids and Their Salts. 


^f-Tartaric acid (water) 

flf-Sodium tartrate, neutral (water) 

ijf-Thallium-potassium (Na, lyi, NH4) tartrate (water) . . 

if-Ethylenediamine tartrate (water) 

fl?-Ethyl tartrate (water, methyl-ethyl alcohol) 

^-Diacetyl tartaric acid anhydride (acetone, benzene) 

fl?-Dibenzoyltartaric acid anhydride (acetone, alcohol) .... 

if-Dibenzoyltartanc acid (alcohol) 

^^-Dibenzoyltartaric acid, dimethyl and diethyl esters 

(alcohol) 

^/-Propyldicaproyl tartrate (carbon disulphide) • • ■ • 



1 Freundler Ann chim phys , [7I1 4 » * 5 = 

® The observations on which the table is based are given in Fart VI. 
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I. Active Acids and Their Salts. ( Continued ) 

^/-Lactate of K., Na, Cd (aqueous alcohol) 

U “ “ K, Na, Li, Ca, Zn (aqueous alcohol) 

Glucuronic acid and K-salt (water) 

Podocarpate of sodium (water) 

Cholalate of Na and K fwater) 

2. Active Bases and Their Salts. 

Quinidine (alcohol) 

“ hydrochloride, sulphate (water, alcohol) 

Cinchonine (alcohol + chloroform) 

“ hydrochloride, sulphate (water, alcohol) 

Apocinchpnine hydrochloride (water) 

Quinamine (alcohol, ether, chloroform) 

Conquinamine (alcohol, benzene) 

Quinicme oxalate Talcohol -{- chloroform) 

Laudanosme (alcohol) 

/-Cocaine hydrochloride (alcohol) 

Cupreme hydrochloride, hydrobromide, sulphate (water) - • 

Quinine anhydride and hydrate (alcohol) 

** hydrochloride, sulphate (water, alcohol) 

Cmchonidine (alcohol) 

“ hydrochloride, sulphate (water) 

Hydrocinchomdine hydrochloride (water) 

Morphine hydrochloride, sulphate (water) 

Pseudomorphine hydrochloride (water) 

Thebaine hydrochlortde (water) 

Strychnine (chloroform) 

Brucine (chloroform) 

/-Cocaine (chloroform) 

3. Sugar Group, 

Cane sugar (water) 

Maltose (water) . . . ; 

Salicin (water) 

4. Aromatic Substances. 

flT-Pinene (alcohol) 

/- “ (alcohol, acetic acid, benzene) 

/-Menthol (alcohol, acetic acid, benzene) 

a-Nitrocamphor (benzene) ^ 

Decrease in Rotation 

I Active Adds and Their Salts, 

^/-Potassium tartrate, neutral (water) 

rf-Sodium acid tartrate (water) * * ’ 
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INCREASE). OR ROTATION 


I. Active Acids and Their Salts (^Continued,) 

^/-Sodium borotartrate (water) • • * * 

flf-Diacetyltartaric acid (water, alcohol) 

^f-Di-i-bntyldiacety 1 tartrate ( alcohol ) 

df-Mandelic acid (water) 

/-Mandelic acid (water) 

^^-Camphoric acid (alcohol, acetone, acetic acid) 

d- “ “ salts (water) 

Quinate of Ba, Sr, Ca, Mg, Zn (water) 

Shikimmic acid (water) 

Sodium santoninate (water) 

Cholalic acid (alcohol) 

2 Active Bases and Their Salts, 

^/-Conine (alcohol, benzene) / 

“ hydrochlonde, hydrobromide, acetate (alcohol) . * 

Nicotine (water, alcohols, aniline, toluidine) 

‘ ‘ hydrochloride, sulphate, acetate (water) 

Benzoylcinchonine (alcohol) 

jS-lsocmchonine (alcohol) 

“ hydrochloride (water) 

Hyoscy amine (alcohol) 

3. Sugar Group. 

Dextrose (water) 

Xylose (water) 

Rhamnose (water) 

Devulose (water) , . . . . 

Phlondzin (alcohol) 

4 Aromatic Substances 

^/-Camphor (alcohols, fatty acids, ethyl acetate, benzene, 

dimethyl aniline) 

Cholesterol (chloroform) 



In general the following points are shown by the above 
table: 

1. With the active acids and their salts there is observed an 
increase as well as a decrease in speafic rotation; bodies as 
closely related as potassium tartrate and sodium tartrate show 
opposite behaviors. 

2. With the alkaloids and their salts increase in the rotation 
is the usual phenomenon. 

3. Among bodies of the sugar group, the monosaccharides 
appear to show a decrease and the disaccharides an increase. 
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Further, it is to be noticed that different solvents exert the 
same action on many of the above bodies. 

An explanation of these phenomena, as far as it is now 
possible, will be given in §6i to §66. 

B. Dependence of the Specidc Rotation on the Nature of the Solvent. 

59. If equal weights of an active body are dissolved in 
different inactive liquids, the specific rotation can assume very 
different values depending on the manner in which the solvent 
behaves with the substance. Several illustrations of this have 
been given in former chapters , a number of observations 
follow in which this variation comes strongly into view. 

Freundler^ found the following figures for some substituted 
tartaric acid esters m solutions of concentration, ^ = 5 to 6 : 



N Propyl 
diacetyl- 
tartrate 

[a]z> 

N Propyl 
dibutyryl- 
tartrate 

N Propyl 
dicaproyl- 
tartrace 

C^]/. 

Pure ester 

Solution in • 

+ 13 3 “ 

+ 

5 2"® 

+ 2 2 '-' 

Carbon disulphide 

+ 367 

+ 

to 

00 

CO 

+ 27 5 

Methyl alcohol 

+ 12 1 

+ 

93 

+ 54 

Acetone 

+ 104 

+ 

7 2 

+ 53 

Ethyl alcohol 

+ 9.6 

+ 

63 

+ 3.6 

Ethylene bromide 

+ 8 6 

+ 

5 5 

+ 2.4 

Butyrone 

+ 85 

+ 

3.8 

+ 1*3 

Ethylidene chloride 

+ 64 

+ 

2.7 

* . . 

Monochlorethylidene chlonde .. 

+ 64 

f 

2.3 

+ 0,6 

Eigroin 

+ 6.2 

+ 

2 6 

— 0 2 

Methylene chlonde 

+ 57 

+ 

2.8 

. . 

Ethylene chloride 

+ 53 

+ 

3.1 

+ 03 

Methyl iodide 

+ 4‘7 

+ 

X 7 

Carbon tetrachlonde 

+ 3.8 

+ 

0 6 

— 1.9 

Toluene 

+ 34 

+ 

0 6 

— 2.1 

Methylene bromide 

+ 1*7 

+ 

2*4 

. . • 

Benzene 

4 X .2 

— 

1.4 

— 4*3 

Chloroform 

+ x.2 

— 

O.I 

— 4.0 

Bromoform 

— 26 

— 

3.8 

- 7.1 


It is apparent that the specific rotations of the original sub- 
stances are sometimes increased, and sometimes diminished by 

1 Preundler Compt rend., 117, 556; Ann chim phys., [7], 4, 244. 





the inactive liquids, and further, that the order in which i 5 ie^ 
solvents stand with reference to their action is almost the 
for the three substances. 

Even bodies which exhibit but slight changes in specific 
rotation, such as cane-sugar, show quite appreciable deviations 
when dissolved in different liquids. Tollens^ investigated solu- 
tions of the following composition 

lo parts sugar + 90 parts water [^]x) = + 66.67** 

j- ethyl alcohol =4-66.83 

10 “ 4-23 “ “ + 67 parts' acetone ** =4.67.40 

I methyl alcohol “ =468.63 

It may also happen that a change in the direction of rotation 
can take place by application of different solvents. Illustra- 
tions of this have been shown by tables already given, and 
others are furnished by substances descnbed below. 

d-Tartanc Add, which rotates to the right when dissolved in 
water, exhibits left-rotation when dissolved in a mixture of 
acetone and ether (Landolt).' Pribram® found very marked 
variations by use of the following liquids in which the amount 
of substance dissolved was always 5 grams to make 100 cc. 


Solvent S 

Water + 14.40® 

Alcohol + 3 79 

Equal vols. of alcohol and mononitrobenzene + 3-^7 

“ “ mtroethane + 3*09 

«« “ “ “ mononitrotoluene — 0.69 

it “ “ “ “ ethyl bromide — 3 -^^ 

it it << “ benzene 4. 

a a a “ toluene •• .. 6.19 

«< <1 “ “ xylene 6.52 

(( n n « “ cymene 7 - 9 ^ 

<< u ** monochlorbenzene 8.09 


As far as explanations of this behavior are possible they 
will be given in the chapter on the causes of changes in 
specific rotation, § 6i to 65. 

C. Dependence of the Specific Rotation on the Temperature. 

60. Increase of temperature affects different active bodies in 

1 Tollens . Bcr. d. chem Gcs , 13 > 2303 
a I^andolt* Ibid., i 3 i 
a Pribram /bid , 6. 
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different ways; with, some there is an increase, with others 
decrease in the rotation and in different degrees 

Among active crystals^ as remarked in § 44, only quartz an 
sodium chlorate have been investigated in this directioi 
With both, an increase in the rotation follows on warming 
The change here is, therefore, the reverse of that in the ord 
nary refraction of light which is diminished by increase < 
temperature » 

Ltqmd Active Bodies . — If such a substance is contained in a 
observation tube, which, to accommodate expansion, is fu 
nished with a lateral opening, then on application of heat tl 
density must decrease and consequently the number of mol 
cules in the active column, causing a diminution of the ang 
of rotation. But, on the other hand, the length of the tul 
has increased which exerts an action of the opposite kind. ] 

€L 

calculating the specific rotation, [nr] = j these influenc 

are eliminated if density and length of tube are found for tl 
same temperature at which the rotation is determined, and 
case these alone come into question the values for [or] shou 
remain constant. But according to experience this is not qui 
true in the case of any known body, and it follows that he 
must exert some special effect on optical activity. 

On the effect of temperature on bodies which are in thet 
selves liquids we have but few observations. 

Increase in specific rotation with increase in temperature h 
been found, for example, in the following bodies. 

a. Nicotine^ left-rotating. — According to investigations 
Tandolt^ which are here given in full to illustrate the chang 
in the different factors observed, there were found- 


Temp, t 

«4 

1 

an 


10.2® 

1.01837 

99.914.* 

— ■ 163.776® 

— 160.96* 

20.0 

I.OIIOI 

99.923 

— 163.204 

- 161.55 

300 

1.00373 

99.932* 

— 162.450 

— 161.96 


It is seen that while the angle of rotation has becoi 

* 1 nandolt Ann Chem. (I^iebig), 189, 319 (1877). 

a Calculated from the length measured at 20® by aid of the coefficient of exp 
sioii, 0 0000086 
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smaller with increasing temperature, the specific ij'otation, on 
the contrary, has grown. The increase is small and amounts 
to about 0.05 for 1°, 

5. The left-rotating esters of glyceric acid and diacetyl glyceric 
actd show also an increase in according to Frankland and 
MacGregor,^ and for ordinary temperatures the following 
amounts for : 


i. £ f meth: 
Glycerateofj^yj^yj 


Diacetyl- 
glycerate of 


methyl... 0.036® 
• • 0.033 
r methyl.. . 0.073 
\ ethyl .... 0.067 
N-propyl. 0.063 


Diacetyl- 
glycerate of 


1 


isopropyl - • * 0.065^ 

isob^tyl 0.054 

N-heptyl o 067 

N-octyl o 043 


c. For the nght-rotsitmg eslers 0/ tartaric acid, Pictet* found : 

Temperature 


Methyl tartrate • 
Bthyl tartrate. . . . 
N-propyl tartrate . 
I-propyl tartrate. 




20® 100° 

[^]z)=+ 214 [ar]^=4- 600 

+ 7 66 ««=-!- 13.29 

“ -f 12 44 “ = + 17.11 

“ =+14,89 “ = + 18.82 

If the increase m [a] was proportional to the change in 
temperature it amounted to about 0.05 to o 07 for i®. 

d. An increase in the angle of rotation has been found in the 
following bodies: 

Right-rotating isobutyl isoamyloxide (Le Bel® and Colson),* 

‘ ‘ di-isoamyl oxide ( Colson ) ,* 

“ methyl isoamyloxide (Colson),* 

‘ * amyl acetate ( Colson) ,® 

Left-rotating methyl lactate (he Bel).* 

With reference to the question whether the change in rota- 
tion could follow from polymenzation with lower temperature, 
BeBeP observes that according to the investigations of Ramsay 
(i) ethyl tartrate possesses the simple molecular weight for 
all temperatures, (2) the same is true of isobutylamyl oxide 
between - 23° and + 125“, (3) that, on theother hand, propyl 

1 Frankland and MacGregor J Chem Soc , 6 s» 760 C1894) 

» Fictet Arch deGenfeve, [3], 7 » 8* (i88a) 

8 LeBel: Compt read , 118, 916 (1894) 

* Colson: Ii6» 3^9 (^ 893 )* CrkiAofL.it ts not dear 

8 Colson: Ibtd., 119, 65, 1894. From the papers of LeBcl and Colson^it mimt m 

whether the data refer to the observed angle of rotation nr to the specific rotatao 

0 i^Bel, Compt rend,, 1181 9 ^®? (^894). 

14 1 
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glycol lias the double molecular weight above lOo® and tl 
quadruple weight at the ordinary temperature, without shoi 
ing any change in activity corresponding to this polymerizatio 
This supposed cause appears therefore to be insufficient, 

A decrease in specific rotation with elevation of temperatu 
was observed by Gernez^ in several essential oils. It was fotii 
that the decrease could be expressed by the following formiik 
holding from o° to 150°: 


Right turpentine oil [(x] = 36 61 — o 004437 i 

Orange oil Wz? = “ 5.31 — 0.X237 — 0.O4I6 

Bitter orange oil [<r] = 118 55 — o 1175 if — 0.02216 


The decrease goes still further when the temperature of t 
boiling-point is passed and the body becomes a vapor (see § c 
On the other hand, as Gernez found, the dispersion suffers 
marked change by heat. 

Dissolved Active Bodies , — ^As experiment has shown, w] 
these also there may be a change, not only in the observ 
angle of rotation, but in the specific rotation, which in 
undergo either an increase or decrease by change in tempe 
ture. In the following table in which bodies already tin 
tioned are included (and marked with an *) all the kno 
relations are given 


Increase in left rotation 
^■Nicotine 

*Ksters of glycenc acid 
*Esters of diacetylglycenc acid 
Malic acid in dilute aqueous solution 


' t 

.♦-•Decrease in right rotation 
*Right turpentine oil 
*Orange oil 
*Bitter orange oil 
Malic acid in strong solution 
Cane-sugar in water 

Milk-sugar “ “ 

Maltose “ “ 

Galactose “ “ 

Arabinose ** “ 

Rhamnose ** “ 

Cittchonicme in alcohol 
Quimdine “ “ 

Quinidine sulphate in water 
Tartar emetic “ 


1 Gemez: Ann. de l*Ecole normal, i, r (1864) 

* The extent of the changes in the rotation of the different subatancea, as ft 
oosenrations rea^ will be given in the chapter on Constants of Rotation.*' 


Changr in the Specific Rotation with Increased Temperatui. 

— o* 






Decrease in left rotation »-»- 
Turpentine oil 
Fructose (levulose) in water 
Invert sugar ** “ 

Saccharin 

Mandelic acid “ “ 

Sodium santoninate 
•Quinine in alcohol 
Quinine sulphate and disulphate in 
alcohol 

Cinchonidine in alcohol 
Thebaine 

Club 11 “ water 


Increase in right rotation 
*Iaobutylamyl oxide 
*Methylisoamyl oxide 
*Dusoamyl oxide 
*Amyl acetate 
*Methyl lactate 
*Xartaric acid esters 
Tartaric acid in water 
Alkali tartrates in water 
Glucuronic acid ‘ ‘ “ 

Xylose * * ‘ * 

N-propyl dibutyryl tartrate in 
monobromethylidene bromide 


A change in the direction of rotation by elevation of tem- 
perature, when a point of inactivity is passed is shown in the 
following table • 

- 0 ® + 

Aspartic acid in water 

Malic acid “ “ 

Tartaric acid “ ** 

Invert sugar “ 


On the last four substances we have the following more 
complete data 

Aspartic Acid . — Aqueous solutions which are perfectly free 
from other acids as well as from alkalies, exhibit right rotation 
at the ordinary temperature. But, as found by Ellen Cook,^ 
this decreases with elevation of temperature, and passes finally 
into increasing left rotation, the point of inactivity being 
passed at 75° The following specific rotations for white 
light, [nr]y (converted into [ a] ^ by multiplication with 0.89), 
were found by use of supersaturated solutions. The valuesof 
the concentration, c, were found by determination of the density 
at the temperatures at which the rotations were observed. 

1 Rllcu P. Cook • Her d chem Ges , 30 f 294* 
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Solution. 

No 

Amount 

P 

Temp 

t 

Speafic 

gravity 

di 

Concentr. 

c 

Observed 

Specific rotatioi 

W/ 


I 

0,528 

20^ 

1 00185 

0 -S 3 I 

+ 0.103° 

+ 4 * 90® 

+ 4 

II 

1.872 

32 

1 0043 

1.880 

+ 0 320 

+4.25 

+ 3 

II 

1.872 

40 

I.OO15 

1-875 

+ 0.255 

+ 3 - 4 ° 

+ 3 ‘ 

II 

1.872 

50 

1.0004 

I 873 

+ 0.130 

+ I 74 

+ 1 . 

II 

I 872 

60 

0.9917 

I 857 

+ 0.102 

+ 1-37 

+ 1. 

II 

1.872 

75 

0.9821 

I 838 

0 

0 

0 

II 

1.872 

77 

0.9800 

r 835 

— * 0 050 

— 068 

— 0 

II 

1.872 

80 

0.9777 

1.830 

— 0 062 

— 0 85 

— 0. 

II 

I 872 

90 

0.9747 

I 825 

— 0 155 

— 2.12 

— I. 


Malic Acid {^common ), — Concentrated solutions show rij 
rotation which decreases with elevation of temperature; dil 
solutions are levorotatory and more strongly, the higher 
temperature. In solutions of a certain strength right rotat 
appears at a low temperature, and left rotation at a high t( 
perature and the point of inactivity changes with alteratr 
in the percentage amount, of acid. This behavior, wh 
is shown by neutral sodium malate also, can be seen in 
following observations of Th. Thomsen:^ 


Malic acid.**. 


Sodium malate. 


P 

'53 75 [«]/) 
044 
28.67 
.21.65 

42.75 


+ 2-52 — + i '73 [“]-=> = + 

+ 1 31 + 0-54 — 

+ o 33 — o 35 — 

— 044 — o.go — 

+ 0.38 — 0.89 — 


Tartaric Acid , — ^In examining tartaric acid melted wit 
little water in a glass vessel with parallel walls, Biot* obser 
at first right rotation which, with falling temperature, decrea 
and on solidification passed into left rotation. 

The right rotation charactenstic of aqueous solutions 
tartaric acid increases with heat in a marked degree, as appe 
from the following observations of Krecke:® 

1 Th Thomsen Ber. d chem Ges , 15, 441. 

3 Biot Ann chim phys., [3], 59, 206, § ii (i860) 

» Krecke Arch. iNfierland, 7, 97 (187a) 





tns 



Amount of tartanc acid in aolution 

Temp 

40 Per cent. 

20 Per cent. 

10 Per cent 

0® 

[o]c =+ 5.53 

[o]z, = + 8.66 

[«>=+ 9.95 

10 

749 

9.96 

. 10;94 

20 

8.32 

11.57 

12 25 

30 

9.62 

12,49 

13.93 

40 

11 03 

1365 

I5.S8 

50 

12,27 

15 01 

I7.H 

60 

12.63 

16.18 

18,31 

70 

13 38 

17.16 

19 42 

80 

14.27 

18.40 

20.72 

90 i 

15 91 

1999 

22 22 

100 

17.66 

21.48 

23.79 


Of the salts of tartaric acid, according to Krecke, disodium 
and sodium potassium tartrate show a slight increase, but 
potassium antimonyl tartrate a decrease in rotation by 
elevation of temperature. 

InveH Sugar , — As Tuchschmid^ found, an aqueous solution 
with 1721 grains in 100 cc. shows a diminution of its left 
rotation with elevation of temperature, according to the 
formula [«]z) = — 27.9 + o 32 Therefore, the rotation 
must become zero at 87,2®, to pass into right rotation at a still 
higher temperature. In agreement with this, v. Lippmann® 
found the point of inactivity to be at 87 8®, and Casamajor* at 
88 ® 

If alcohol is added to the invert sugar, which causes a 
decrease in the left rotation, the change in direction follows 
on moderately warming. If, for example, a solution of 19 
grams of cane-sugar in 15 cc of water and 5 cc. of glacial 
acetic acid is inverted by heating m the water-bath, and diluted 
afterwards to 100 cc with absolute alcohol, the liquid which 
now contains 20 grams of invert sugar, shows the following 
angles of rotation : 

t 20° 30° 40® 50° 60 

ot/) for 2 dm. —1.9® —09° +0.2° +1.3° +22® 

The point of inactivity is therefore found to be about 38® 
(lyandolt).** 

The change in the direction of rotation may be explained 

1 Tuchachmid } prakt Chem , [2], a, 235 (1870) 
s V, I^lppmaun . Ber. d. chem. Oca , I 3 > 1822 (1880) 

8 Casamajor : Wied. Beil)., (1879), 804. 

< nandolt Ber. d. chem. Oea., 13, 2335 (1880) 
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when the active substarj^. consists of two oppositely rotating 
components which are ^yted to different extents by heat. 
This is the case with invert sugar. As first shown by 
Dubrunfaut,^ and later more particularly by Honigand Jesser/ 
the rotating power of levulose decreases rapidly on wanning 
(otj, for i*^ C. about 0.67°) , while that of dextrose is but slightly 
altered ; the direction of rotation of the latter becomes then 
gradually apparent. As another case, Aignan® has shown 
that a mixture of left turpentine and right camphor in benzene 
may change its direction of rotation with elevation of tem- 
perature, and with different kinds of light at different degrees. 
The numbers given in the. following table are the observed 
angles of rotation in a 2 dm. tube : 


Temperature 

Red light 

Yellow light 

Green light 

+ 13° 

— 2.62 

— 0 72 

+ 240 

33 to 38® 

— I 53 

— 0 40 

+ 408 

50 “ 51 

— 0 83 

+ 1 - 5 ° 

+ 5 10 

61 “ 62 

— 03s 

+ 1 98 

+ 5 55 

65 “ 72 

+ 0,18 

+ 267 

+ 590 

81 “ 90 

+ 057 

+ 300 

+ 672 


Finally, it is of interest to determine, whether, with the same 
substance, elevation of temperature and increasing dilution 
exert like changes in the specific rotation Thus far, but few 
bodies have been studied in both directions, and with several 
of them, the alterations observedhavebeen very slight. What 
has been found is tabulated below. 


a. Corresponding Changes in the specific rotation through 
mcreasing dilution or elevation of temperature occur in ' 



— 0 

+ 

^-Tartaric acid in water 

^-Tartrates and esters in water ! 

"VTalir. and mala ** ....... 


IP- 

O-liicnrnnic acid ** ** ....... 



Sodium santoniTiatp ** ....... 



/-TVfatidelic acid, ** 



lyevnloRf^ ** “ ....... 



Rliamiiose ‘ * “ 



Cia^actose ** ** 







1 Dubnmfaut Compt. rend , 4a, 901 (1856) 

s nemg and Jesser Zeit Ver. 1 Rubenzudker-Ind , (1888), p 1039 
» Aignan Compt rend , 116, 725, (1893) 
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b. Opposite Effects are observed in^he following cases: 



Increasing 
temperature 
-0“ + 

Increasing 
dilution. 
-0» + 

Quinine in alcohol 

Quinine sulphate in alcohol or water 

Cinchonidine “ 

Quitiidine ** 





Quinidine sulphate in water 

Nicotine in water or alcohol 

Cane-sugar m water 

** . * 

— 


— 




■< m 



fl?-Turpentine in alcohol 

/- “ benzene, acetic acid.. 

— 

i 

— 

< m 


It is evident, therefore, that increased temperature and 
dilution have sometimes the same and sometimes the opposite 
actions and that no definite regularity is apparent with respect 
to the nature of the substances examined Those cases m 
which an explanation of this behavior is in any degree possible 
will be discussed in the following chapter. 

D. Causes of the Changes in Specific Rotation. 

The many variations which are exhibited in the specific 
rotation of dissolved substances depend, according to the 
nature of the substances, on essentially different causes, and 
all changes which are in general possible with solutions, as 
electrolytic dissociation, formation or breaking up of molecular 
aggregations, hydrolysis and oth^r less clearly defined effects 
may come into play Besides this the explanation of the 
phenomenon is made difficult by the fact that of the nature of 
concentrated solutions almost nothing is known. Up to the 
present time the following data have been accumulated with 
reference to eacb one of these influences 

61. a. Electrolytic Dissociation in Aqueous Solutions. — In 1873 
in the examination of a number of neutral salts of tartaric 
acid, it was remarked that they agreed very closely with 
each other in molecular rotation, from which it was clear 
that differences in the metals combined had but little effect, 
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and this not in any relation with the atomic weight (I/andolt),^ 
Otidemans® appeared to find in solutions of cinchona alkaloids 
in different dilute acids which were added in increasing molec- 
ular weights, a difference in the effects of these additions, but 
in 1879, in pursuing further investigations with qumamine, 
he found that the rotation of this alkaloid remains almost 
unchanged in whatever acid it is dissolved.^ The law then 
stated, * * ihe specific rotation of the alkaloids is modified z?i thi 
same manner by different acids ^ provided the salts formed repre 
sent the same condition of saturation of the alkaloid by the aad^ 
was later confirmed by Oudemans* in the study of quiiiidine 
amine and by Tykociner® with brucine, strychnine, morphine 
and codeine. Finally, Oudemans® showed that the rule hold, 
good for the active acids as he found that podocarpic aci( 
and quinic acid, after saturation with different bases, or in th' 
form of dilute salt solutions, retain nearly the same rotatiuj 
powers. 

The following table contains some of the results referred tc 
the rotation for equal molecular weights being expressed b 
{M) for salts or by lof\jj for the active group 


Tartrates 

(nandoU) 

Quinates 

(Oudemans) 

Acids 

Qumamine 

(Oucle- 

niaiis) 

Strychiui 

(Tyko- 

ciner) 

in 100 cc. 

7 69 grams 
tartaric acid 

m-s 

of the 
salt 

In xoo cc 

2 6 grams 
qumic acid 

CrHifiOfl 

Efis 

acid. 

t mol of a( 
of b 

:id to X inc 
ase 

in 100 cc 
1.56 grams 
base 

of the base 

In 100 c( 
0 84 grai 
base 

Ml 

of thebaj 

EI2 . C4H4 0g 

+58 1° 

K.C,H„ 0 , 

— 48.8^ 

HCl 

+ 114*4® 


tNH.), “ 

63 0 

Na 

48.9 

'HNOg 

II6 5 


Naa “ 

59-9 

NHi 

47-9 

HCIOb 

I16.I 


Ka 

64.4 

Ba(CTHn0e)2 

46.6 

1H23O4 

116.4 

35*2 

NaNH* ” 

61.7 

Sr 

48.7 

iHaPO^ 

H7 3 

34.^ 

K.NH4 “ 

63.8 

Ca “ 

48.7 

HaAsOi 


33‘S 

K.Na “ 


Mg 

47.8 

fit 

0 

W 

a 

114.7 

34.C 

K.AsO ' 

58.8 

Zn 

Si.o 

CjHiOa 

116.2 

34.< 

K.C„H5 “ 

64.6 



C2H3O4 

118.1 

33* 

Bai/iCgHB" 

63.0 



CbHsO, 


33‘‘ 

Mg 

61.7 







1 nandolt* Ber d, chem Ges , 6, 1077 (1873). 

2 Oxidematis* Ann Chem. (I^iebig), i8a, 33i 58 (1876). Arch Nderland, 10, 193. 
2 Ondemans ; Ann. Chem (I^iebig), 197, 48, 66 (1879), Arch. Ndcrland, 15, 

See further, Rec trav. Chim r*ay9-Bas, 1 , 18 (188a) 

* Oudemans: Ann Chem (Mebig), aiop, 38 (i88i) 

5 tykociner Rec trav. Chim. Payfr-Bks., 1, 144 (i88a), 

8 Oudemans 4, 166 (1883). 




^I;BCTR 0 I<YT 1 C dissociation of aqueous SOEX/TIONS 

In investigations on the effect of concentration on the rota- 
tion of salts of malic and camphoric acids it was shown 
further that their molecular relations, which are very different 
in strong solutions, become nearly the same for the salts of the 
same acid as the dilution increases. Thus, the following 
molecular rotations, are calculated from the interpolation 

formulas found by Schneider’- for a number of alkali malates, 
the water present amounting to about 40 to 90 per cent: 




Water in 100 parts by weight of solution 

Mol 

wt 

40 

50 

60 

70 

j 

80 

90 

Malic acid C4H605^ 

134 

+3.10'’ 

+ 1.89° 

+ 068° 

— 0.59^ 

— 1. 71® 

— 2.91® 

Acid salts 

Ivi C4 HsO, 

(NH*) “ - ... 

Na “ 

K “ 

140 

I5I 

156 

172 

— 3 82 
-772 
-j- 0 08 

— 492 

—544 
-8.15 
—2 65 

-587 

— 860 
-858; 

— 5 04 
-683 

—10.16 

— 9 01 

— 705 

— 7.77 

— IT.28 

— 9 45 

— 8 72 

— 8 74 ' 

— ir 77 

— 989 

— 10 02 
-968 

Neutral salts 
lyij ^41X405 
(NH,), “ 

Naj ■< .. . 

K, “ 

146 

168 

178 

210 

+5 90 

-7.29 

+ 5 73 
-5 15 

— 0 26 
-8.13 
4- 1. 16 

— 7 43 

— 5 62 

— 9 17 

— 3 17 

— 9 47 

—10.09 

-10 35 
— 7.16 
—II 32 

“I3 77 
—11 74 
-1093 
— 12 87 

—1654 
—13 27 

—14 31 

—14 26 


As plainly evident, the rotations of these salts m concen- 
trated solutions are very different among themselves, and even 
differ in sign, but with increasing dilution they become more 
and more uniform Further, it is seen that the free malic 
acid shows a molecular rotation very different from that of the 
malates. 

An explanation of these phenomena was first given by 
Hadnctf in 1893, and based on the theory of electrolytic dis- 
sociation which meanwhile had been proposed by Arrhenius. 
Hadrich makes it clear, that the closely agreeing rotations 
which the different salts of an active acid or base exhibit in 
equimolecular solutions, have a meaning as soon as it is 
assumed that these bodies, as electrolytes, become largely 

1 Schneider: Ann Chem. (Weblg), ao7, 257. 

2 KUdrich • Ztschr phys Chem,, la, 476, ^ 
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dissociated into their ions on sufficient dilution, because then 
from each one the same amount of active acid or base ions 
would be formed. In accordance with this view he gave to 
the law expressed by Oudemans, this extension : 

The rotating power ^ not only of salts, but of electrolytes in 
general, is, in approximately completely dtssoaated solutions, 
independent of the inactive ion, 

A confirmation of this law was given by Hadrich by show- 
ing that when an alkaloid is neutralized by different acids, and 
the solutions then are treated with increasing amounts of 
water, (i), the molecular rotations become constant for each 
salt from a certain concentration on, and, (2), that the 
constant values for the molecular rotations of the different 
salts agree also among themselves, as shown by the observations 
already given. In the following table, giving some of these 
experiments, the numbers show the molecular rotations of the 
salts^ and under V is given the volume of water m liters, in 
which one gram equivalent of the salt is dissolved : 



Qumidiue 

Morphine 

V 

Hydro- 

chloride 

Nitrate 

Sulphate 

Hydro- 
chloride . 

Nitrate 

Sulphate 

10 

. . . 

. . • 

» • • 

—359“ 

-361® 

- 357 '’ 

20 

+ 703° 

+703° 

+ 702“ 

364 

364 

364 

30 

712 


710 

365 

365 

365 

40 

717 

717 

717 

37 X 

368 

368 

60 

719 

723 

719 

370 

370 

365 

80 


726 

726 

374 ' 

369 

374 

120 

723 

723 

723 

.. ! 

... 

a .. 

160 

726 

726 

726 

... 

. .. 

* • • 


V 

Bruane 


Strychnine 

Hydro- 

chlonde 

Nitrate 

K^dro- 

chlonde 

Nitrate 

Sulphate 

Amygdalate 

10 

-156^ 

-156® 

. . . 

. . . 

1 

. • . 

20 

. X 4 I 

I41 

— 113° 

— xi4° 

— iia*" 

— II3® 

30 

138 

138 

I14 

114 

H 4 

114 

40 

136 

136 

II3 

1x3 

1 X 3 

XI3 


^ instead of giving tlie molecular rotations, the observed angles for a given tul 
length could have been given, as the solutions contain in equal volumes, the san 
amount of the corresponding alkaloid. 










DISSdClAf lOX IN AQUEOUS SOI.UTIONS ’ 0t^ 

*Tlie quinidme and morphine salts show at first an inqre^se 
in rotation with increasing dilution and constant a|i|^*are 
reached when the dilution of the first, V, is broi^t HjPliters 
and of the second to 40 liters. The alkaloid 1^1 possesses, 
therefore, in both cases a greater rotating power than the un- 
dissociated salt molecule. With brucine the opposite is the 
case; and the strychnine salts appear to be already dissociated 
in N/20 solution. 

The agreement in molecular rotation in dilute aqueous solu- 
tions has been observed in many other salts contaimng active 
bases or acids, although sometimes with considerable varia- 
tions, the cause of which is found partly in insufficient dilu- 
tion, and partly in the unequal degrees of dissociation for the 
different salts. Further, it must be remembered that in dilute 
solutions, as the observed angles are very small, experimental 
errors exert a great influence on the final result. Observations 
have been made on the following substances* Alkali salts of 
malic acid (Schneider),' tartrates of different metals (von 
Sonnentlial,*'* Pribram),'* tartrates of substituted amines ( Kanno- 
nikoff),^ alkali salts of methyl and ethyl tartaric acid 
(Fayollat),® salts of active glyceric acid (Frankland and 
Appleyard),®’' salts of qmmc acid (Cerkez),® alkali salts of 
active valeric acid and compounds of valeric acid with inactive 
organic bases in alcoholic solutions (Guye and Rossi),® salts of 
amyl sulphuric acid and salts of active di-isoamyl amine 
(Carrari and Gennari),'® conine hydrochloride and hydro- 
bromide (Zecchini)," nicotine salts (Schwebel,'® Carran),'® 

1 Schneider Ann Chem (I^iebig), aoj, 257 
« V Sonncnthal Ztschr. phys Chem., 9, 656 
8 Pribram Wien Monatsh , 14, 742 
* Kannonikoff . J ni3s phys -chem Ges,, aa, 36 
6 Fayollat Compt rend , 117, 632. 

0 Frankland and Appleyard; J Chem Soc , 63, 296 

1 Frankland and Appleyard, J Chem Soc., 63 , 31 1, observed, especially with the 
magnesium, zinc and cadmium salts of active glyceric aad, vanations in the molecular 
rotation from that found with the alkali salts, and m consequence of this were 
inclined to question the universality of the Oudemans rule. But they used 10 per cent 
solutions, in which the dissociation was incomplete, and which likewise for the differ- 
ent salts, especially those of the dyad metals, might be very unequal in extent 

8 Cerkez: Compt. rend , 117, 174 
8 Guye and Rossi: Bull. Soc Chim., [3], 13, 465 
w Carrara and Gennari Ztschr phys Chem , 17, 5O1. 

M Zecchini; Ztschr. phys, Chem , 16, 246, 

18 schwebel: Ber. d chem. Oes., i^, 2850. 

»8 Carrara; Ztschr. phys. Chem , 14, 562, i6, 244. 
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cinchonidine salts (Schuster),' salts of d- and /-inenthyl- 

amine (Binz).’ ^ 

Of observations of this character, those which Walden 
on <»-bro'mcamphorsulphonic acid and its salts, may lie 
given here because there was found at the same lime the extent 
of dissociation by means of determination of the electrical con* 
ductivity The solutions contained equivalent amounts, and 
c indicates the number of grams in joo cc. « is the angle of 
rotation found for a column 4 dm. in length at a temiTernture 
of 20.5°.^ 



C 


[«]/< 


lUfiWK'iitUtiii 

In prr i cut 

I^ree-a-bromcaiiiphor- 

14.952 

4 55 . 30 ® 

I- 9 *. 3 “ 

1 387® 

685 

sulphonic acid. 

1.0366 

3-64 

87.7 

373 

93.7 

CioHiiBrO.SO,H 

0.5183 

I -795 

86 6 

269 

9'|.4 

Jl/ss: 311. 

0.2592 

0.901 

86,9 

2^0 

95*5 

Potassium salt. 

1 1633 

3.644 

78.3 

373 

83 (. 

C.oHiiBrO.SO,K 

0.5817 

I 793 

77 I 

1 369 

; 87, i 

M — 349 - 

0.2908 

0.898 

77.2 

269 


Thallium salt 

1.7134 

3.633 

1 

53‘I ; 

273 

i » 3.9 

CioHi.iBrO.SO„Tl 

0.8567 

1.817 

52.9 


1 ^7,3 


0.4283 

0.903 

52.7 

271 

; 9* ’.5 

Zinc salt. 

1. 1417 

3.620 

79*3 

27a 

7 * 5 

4[(CioHuBrO.SO,),.Zn] 

0.5709 

1.795 

78.6 

269 

77.3 

M = 34S.5. 

0.2854 

0.900 

78.8 

270 

i Bi.H 

j 

Barium aall. 

1.2617 

3.630 

71.9 

273 

i 69 8 

4[(C,oHuBrO SO,),.Ba) 

0.6309 

1.807 

71,6 

271 

i 74 .« 

M = 378.5 

0.3154 

0.895 

70.9 

269 

} 79-4 


As can be seen, the molecular rotations of all these bodies 
in dilute solution approach rapidly the constant value of 369 
to 270, even the salts of dyad metals, although these are less 
dissociated than the alkali metal salts or the free add. In 

1 Schuster: Wien Monatsh., 14 ^ 573. 

« Blnz; Ztschr. phys, Clicm., 734* 

8 Walden : Ztschr. phys. Chem., la, X96. Kipping and l^opSi also, (J> Cham. 
Soc., 63 > 548) have investigated some salts of the add* 

* The original paper contains ohservatlons for the sodium and gludnutn aalta 
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greueral, a relatively small change in'tbe molecular rotation's is 
observed, corresponding to the increasing degree of dis- 
sociation. 

jFree acids which behave as good electrolytes, must show, in 
stifficiently dilute solution, the same molecular rotation as the 
neutral salts, since the concentration of the active ions is 
finally the same. This is illustrated with or-bromcamphor- 
sulphonic acid described above If, on the other hand, the 
s-cid is a poor electrolyte and at the same time is dibasic, as 
tartaric acid or malic acid, then in consequence of the lower 
degree of dissociation and also of the formation of different 
active ions (for example, C 4 HbOb and C^H^Og from C^HgOg) 
tbe observed molecular rotation will depart widely from that of 
the neutral salts.^ The add salts also may not agree with 
these, because here different conditions of dissociation obtain. 
TThese differences are shown in the following table which em- 
braces observations of Schneider** on malic acid and malates m 
5 per cent, solutions, and of bandolt® on tartaric acid and 
tartrates: 



Mahc acid 

Win 

Tartanc acid 

1 1 

Free acids. 

C4Hg05 

— 3 - 2 ® 

C4H.0. 

+ 21 1“ 


lyi C4HBO5 

-II 9 

Li C*H( 0 , 

+ 428 

Acid salts. 

Na “ 

10.5 

Na 

41 2 

K 

10.2 

K 

42.5 


NH4 “ 

10. 1 

NH4 “ 

42 8 


Xvl 

— 17.7 

HAHA 

+ 58.1 

Neutral 

Na. “ 

16.0 

Na, “ 

599 

salts 

K, “ 

14.8 

K, “ 

64.4 


(NH 4 ),“ 

14. 1 

(NH,)," 

63.0 


1 ifrom the measurements of Ostwald (Ztschr phys Chem , 3, 371) on the elec- 
trical conductivity of tartaric add, it follows that this acid m a concentration of 0 3 
*fram per liter is only about one-half dissodated, while the extent of dissoaation for 
«»€ neutral tartrates can be taken as above 95 per cent. 

* Schneider* Ann Chem. (Liebig), *07, S57* numbers given are calculated 

from the interpolation formula given for 7 95 

* Landolti Ber. d. chem. Oes., 16, 1076 The conoentrations employed were equiva^ 
lent to 7.69 grams of tartaric add in 100 cc for the neutral tartrates. Weaker 8(dut|pns 
were used for the add salts. 
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The add salts in, respect to their rotation stand between th< 
free acids and the neutral salts. From them, for examph 
from the acid malates, at first, in the main, the ion C^HjO 
separates, which with greater dilution passes into C4H4O5 
Finally the same molecular rotation should be expected aj 
with the neutral salts but snf&cient observations are lacking t< 
show this,^ 

With the salts of very weak bases and acids besides the 
electrolytic, hydrolytic dissociation may also take place, bj 
which the number of atomic aggregations in the liquid is stil 
further increased Such complicated changes appear to take 
place with the di-hydrochlorides of the cinchona alkaloids 
inasmuch as these do not, like the monohydrochlorides, give 2 
constant end value for the molecular rotation by increasing 
dilution. The following numbers for \iJkf]i> were found b^ 
Hadrich,^ in which i gram-molecule of substance was con 
tained in V liters; 


y 

10 

20 

40 

1 

1 80 

160 

320 

Cinclioiiidme- 
dihydrocliloride . . . 

— 525° 

— 521° 

- 516° 

- 504° 

- 465“ 


monohydrochlonde 

— 356 

- 381 

— 400 

— 402 

. . 

. 

Quinidine- 

dihydrochlonde . . . 

+ ion 

+ 1028 

— 1043 

+ 1049 

+ 1123 

+ I22C 

monohydro chloride 

•• 

+ 703' 

+ 717 

+ 726 

+ 726 

• • 


The great differences between the mono- and dihydrochloride: 
are without doubt caused not only by differences in the nature 
of the electrolytic dissociation but also, especially with quini 
dine, by the existence of other kinds of dissociation. 

If the degree of dissociation of an active body be dimimshec 
by adding to the solution other substances which also behaw 
as electrolytes, a change in the rotating power follows. Acid; 
must produce such an action and in fact it has been found tha 
the specific rotation of tartaric acid experiences a decrease 
when the aqueous solution is treated with hydrochloric, nitric 
sulphuric, or acetic acid. Equivalent amounts of these acidi 

1 The interpolation formulaa of Schneider gave for g' « loo very great difference 
between the acid and neutral malates 

s Hadnch Ztschr phys Chem., ]a» 491, 




HYDROI^YTIC ^23 

exert influences in different degrees (I^andolt).^ Oudemans’* 
observed the same phenomenon on treating di-acid alkaloids 
with I, 2, 3, molecules of different acids. At first an 
increase in the specific rotation follows and continues to a 
maximum, which appears when somewhat piore add is present 
than IS required for formation of the neutral s^lt, and then a 
continuous decrease takes place. Of numerous observations 
the following may be given: 

Cinchonine . — In 100 cc of solution 5 mg. molecules of 
alkaloid + n mg. molecules of acid. The maximum values 
are shown by * * 


Mol acid 
to I mol base 

Hydrochloric acid 

Nitnc acid 

Formic acid 

I 

1 — 1 

II 

+ 

0 

b 

0 

+ 191 7° 

.... 

2 

254.1 

2534 

242 2° 

2i 

259 0* 

257-3 

2439 

3 

2587 

257 8* 

245 6 

4 

2577 

2546 

2507 

6 

2533 

252 I 

256 6 

10 

252 I 

251 8 

257 8 

20 

246 0 


258 9* 

45 


‘ 

2579 

92 

•• 

•• 

2540 


The increase in the rotation at the beginning may possibly 
be explained by the assumption of hydrolytic dissociation on 
addition of small amounts of acid. The behavior of the acids 
depending on their different degrees of affinity is also evident, 
inasmuch as to reach the maximum rotation unequal amounts, 
of hydrochloric acid, 2^ mols , of formic acid, on the other 
hand, 20 mols. , are required 

Alkalies act in the same manner as acids From observa- 
tions of Th. Thomsen* it appears that the specific rotation of 
neutral sodium tartrate undergoes a progressive decrease on 
addition of increasing amounts of sodium hydroxide, while 
by addition of water, on the other hand, it increases. 

In the same way the changes in specific rotation which 

1 l^andolt' Ber. d chem Ges , 13, 2331 

* Oudemans; Rec. trav, Chlm. Pays*Bas, i, 28 

8 Th Thomsen* J. prakt. Che?n, [2], 35, 145; also Algnan. Compt. rend , 11a, X009 
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follow by addition of salts (§ 70) depend largely on alteration 
in electrolytic dissociation. 

If, finally, active electrolytes are dissolved in liquids whicl 
possess a smaller disf?ociating power than water, the specifi' 
rotation in comparison with that in the latter will assume . 
new value, which may be larger or smaller according as th 
active ion posse.sses a greater or less rotating jmwer than th 
undissociated molecule. The .same phenomenon must b 
okserved when such a liquid, for example alcohol or acetone 
is added to an aqueous solution of the body. Among th 
many okservations on this point, the following by Waldei 
may be quoted in which the extent of diasociation has bee 
calculated from the electric conductivity: 


Biitistance. 


Solvent 



DiKUtK'llttioit 
Ter rfiii 


•t-Broiu- 
camphor 
siilphoiiic acid 


«-Brom- 

caiiiphor 

barium 

sulphonate 


Water 

7 parts water y ^ ^ 
93 parts acetone J * * 

Water 

3,5 parts water \ 
+ 96*5 parts acetone J 


Water 

7 parts water ) 

■4- 93 parts acetone > * ‘ 

Water 

3.5 parts water \ 
+ 96.5 parts acetone / 


1.0366 

1.0366 

0.5x83 

0.5x83 


373® : 93.7 

j 

.343 I M 

269 I 94.4 

326 j 4.1 

I 


I.a6i7 

27a 

X.2617 

3*8 , 

0.6309 

371 

0.6309 

301 


69.H 

a. I 
74.8 

5.0 


Oltdemans* found that some of the salts of the cinchoj 
alkaloids rotate in alcoholic solution more strongly than 
aqueous, others less strongly. 

In general many of the variations shown In the specific rot 
tion of bodies dissolved in different solvents depend on diflfe 
ences in the extent of dectrolytic dissociation, provided dUn 
solutions are considered, 

1 WaWem Ztschr. phy». chem., aos, 

> Oudemani: |lec. trav, Chim. PayihBaa, i* x8. 



DISSOCIATION OF SAiTS " - 22| 

Dissociation of Salts with Active Anion and Kation.^'Sot 
such bodies the experiments of Walden^ haye shown, as was tg 
be expected, that the rotations in dilute solutions are equal to 
the sum of the rotations for the ions. For or-bromcamphorsul- 
phonate of morphine, CioHi4BrO.HS03.C„Hi9N08, dissolved in 
water, he found: ‘ ^ 

c = 1.9867 [M^j) = — 100° 

0*9933 = — 101° 

For the morphine ion we have, according to the experiments 
of.Hadnch, cited above, the values — 365 to 374, in the mean 
— 371 for For the ion of bromcamphor sulphonic 

acid we have [JkTji, = + 269 to + 273, in the mean + 271. 

Hence as molecular rotation of the dissociated salt we must 
have 

W]d = — 371 + 271 = — 100°, 
which agrees with the above observation 

This behavior is shown also with qumidme a-bromcamphor 
sulphonate, where both 10ns are right rotating. 

Behavior of Bory I ^ Arsenyl and Antimony I Tartrates . — These 
compounds which are formed by heating acid tartrates with 
boric acid, arsenious oxide and antimonious oxide show marked 
deviations in their rotating power from the ordinary neutral 
tartrates. With the latter the rotation increases with increas- 
ing dilution and reaches a constant value which corresponds to 
the completely separated 1011, C^H^O^. Thus from the formula 
of Th ThomsenMor ijf-sodium tartrate, 

=r 60 56 — 0.04647 7^—0 002216 
the following numbers may be calculated for solutions which 
contain liters of water for i gram-mol. of salt (or in 100 
parts of solution p grams of salt) These values for \M\d 
change but little. 

y I 2 4 8 16 32 

p '=. 0.1625 00884 0.0462 00238 0.0120 00060 

[M]/)— + 5922 5998 60.30 6045 60.50 60.53 

The same end value, as remarked before, is found with the 
other neutral tartrates. 

On the other hand Hadrich found for certain alkali boryl 

1 Walden: Ztschr, phys. Chem., 15, 206. 

S Thomsen; Jour praltt. Chem. [2], 34. 8 p 

15 V 
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tartrates the followinK molecular rotations, when the same 
dilutions were employed (i Kram-mol. of .salt in f liters).' 

r. K(«0)C<H,0rt. ' Na(BO)C,Il40«. 

! 

I I i 15 a® • 

a IM I3« 

4 lai 123 tai 

8 106 107 107 

16 88 89 H<» 

.^a 74 74 ' 7’* . 

We have here to begin with a much larger moleeulnr rut.i 
tion than with the simple tartrates, and lliis is explained In 
the circumstance that the separated ion is not but 

CJI^Oj.lK). Hecondly, the rotation decreases rapidh with 
increasing dilution and for T' 16 is not yet api«o.udnng 
constancy. As appears from the inve.stigations of Mugnatnin' 
on the conductivity of .solutions of boro-tartaric acid this m.iv 
be I'eferred to gradual hydiolysis taking place at the same time 
which brings about a decomposition trf the complex ion. 
C,H 40 „.Ii 0 . Finally the ion 0,11,0,,, with [/l/'l;. <"* 5. nm^t 

be pie.sent. 

Thearsenyl tartrates act in the same way. Hadiich found 
fm [M]/,-. 


r 

NnCAsdjC+n^Ofl. 

1 

Nn4(AH(J)C<lI, 

2 

1 3*4“ 

\ 330" 

4 

185 

m 

H 

131 

J32 

16 

79 

8t) 

32 

8.3 

6^ 


With these compounds in the most dilute solution the rota* 
tion of the tartaric acid ion (58 to 63 ns already given ) ha? 
l>eeu reached. 

Other phenomena are shown by potassium antiumnyl tartratv 
(tartar emetic). Here we have very strong rotation which 
.scarcely decreases by dilution. For the formula KSb0C,H,0, 
Hadrich* found these numbers; 

I HftdHch; Ztflchr. pliyM, Cliem.) I9» 4^4* 

* Maguanlnl; 6» 67. 

» nUdrlcU: he* ciL 
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ai)forr«=a.35am. +1^.70 6.85 3.43 o.^» 

+ 543 548 546 544 544 

Mol. conductivity, /* ... 70.58 79.45 8763 94,20 

Some hydrolysis takes place here as shown by Hadrich from 
the manner of change in the conductivity, but only to a slight 
extent. An explanation of the slight change in the molecular 
rotations is still lacking 


62. b. Formation or Decomposition of Molecular Aggregations of 
Simple Structure. — As is well known molecular weight deter- 
minations by the freezing- or boiling-point method have shown 
that many substances, liquid as well as solid, when dissolved 
in certain liquids appear as single molecules, while in others 
they exist as double molecules (for example, acetic acid in 
ether CaH^O^, in benzene = (C2H^02)2, etc.). Experiments 
have accordingly been made to determine whether the influence 
which several solvents, or their concentrations, exert on the 
specific rotations of many substances corresponds to a change 
in the molecular weight of the latter. On this subject we 
have, mainly, the following investigations 

Kreuncller^ dissolved a number of tetra-substituted tartaric 
acid esters, the rotations of which in pure condition were 
known, in different liquids (^ = 5 to 6) and determined the 
specific rotation and the molecular weight He believes the 
following laws obtain for these bodies 

I. In solvents which change the rotation of the esters but 
little or not at all, the latter show the normal molecular weight. 
For example: 


Solvent. 

Active substance 

Molecular weight 

Spec rot 

From 

the 

formula 

Obser- 

vation 

In solu- 
tion 

without 

solvent. 


Propyl dipropioiiyl tartrate 

346 

34* 

+ 54° 

+ 55“ 

Ethy- 

dibutyryl “ 

374 

363 

+ 55 

+ 5.2 

lene 

divaleryl “ 

402 

389 

+ 3-6 

+ 3.6 

bromide 

“ dicaproyl “ 

430 

424 

+ 2.4 

-P 2.2 


Methyl divaleryl “ 

346 

348 

— 15.6 

— 15*9 

Benzene 

Isobutylamyl oxide 

144 

14X 

+ x *4 



I Frcttudler; Anu. chim. phys , [7]i 4 * =56 ^895) 
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2. lu solvents which bring about a marked change in the 
original specific rotation of the esters, anomalous numbers are 
found in the cryoscopic molecular weight determinations. 
For example : 


Solvent. 

1 , 

Active substance 

Molecular weight j 

Spec, rot 

[a]y.. 

From 
the 1 
formula 

Obser- 

vation, 

In solu- 
tion 

c =s 5 to 6 

Without 

solvent 

Benzene 

Propyl diacetyl tartrate 

318 

277 

+ 1.2® 

+ 134“ 

4 ( 

“ dipropionyl ** 

346 

295 

— 3.4 

+ 56 


** dibutyryl “ 

374 

304 

~ 1.4 

+ 52 


divaleryl “ 

402 

324 

— 2.2 

+ 3 3 

Nitro- 

“ dicaproyl “ 

\ 1 

430 

345 

— 43 

+ 2.2 

benzene 

Isobutyl diacetyl “ 

346 

318 

+ 12 0 

+ 17 0 

Nitro- 





benzene 

Ethyl dicaproyl “ 

402 

376 

- 51 

— 3 1 

Acetic acid 
Kthylene 
bromide 

Isobutyl dipropionyl “ 

374 

287 ' 

+ 20 2 

+ 10 2 

Ethyl diphenylacetyl tartrate 

442 

394 

+ 19 2 

+ 15 2 

i^thylene- 






bromide 

Propyl 

470 

406 

+ 23 3 

+ 20.9 

Benzene 

It (t tt (( 

470 

413 

+ iS -7 

+ 20.9 

Nitro- 



benzene 

<C (1 (C it 

470 

378 

+ 14-6 

1+ 209 

Acetic acid 

<1 C( (( (t 

1 

470 

377 

+ 27.2 

+ 20 9 


In all these cases, the specific rotation of the dissolved sub- 
stance is markedly different from that of the original solvent- 
free body, being sometimes higher, sometimes lower, and 
sometimes showing a change in direction. The molecular 
weights, as determined, are all below the normal, which 
probably depends on dissociation of the compounds. 

Freundler also found substances whose molecular weights in 
solution are much larger than the formula weights and which 
show marked changes in rotating power. The explanation 
here may be found in polymerization. The following simple 
esters of fl?-tartaric acid behave in this manner. 


DISSOCIATION OF MOIyKCTJLAR AGGREGATIONS 


Solvent, 

Active substance, 

Molecular weight 

Spec, rotation 

From the 
formula 

Observa- 

tion, 

In 

solution 

r 

Without 

solvent. 

Benzene 

Methyl tartrate 

178 

411 

— 88 

+ a.14 

Benzene 

Propyl 

234 

306 

+ 20,1 

+ 12-44 

Ethyl bromide 

it (t 

234 

326 

— 0.6 

+ 1244 


The rotation and molecular weight of nicotine in different 
solvents has been investigated by Hein,^ and with concentra- 
tions at which the boiling-point method yields reliable results. 
It was found that by diminishing the percentage amount of 
nicotine, p, the specific rotation was also diminished, although 
with several liquids, as ether, acetone, and benzene, in very 
small degree, and somewhat more with ethyl and propyl 
alcohol The molecular weights appear from the observations 
to undergo a slight decrease with decrease in but the values 
are all very near the normal number. The following are the 
results obtained 

Pure nicotine, a" = — 164.0° Molecular weight = 162 


Solvent 

Decrease in 
percentage amount 
of nicotine 

1 Corresponding decrease 
in specific rotation 

[«]“ 

Molecular 

weight 

found 

Ethyl alcohol . 

From II 4 to 1,7 

From — 141,1^ to 139 0° 

167 to 164 

Propyl alcohol 

“ 134 “ 20 

«< 147 2 “ 144 6 

156 “ 152 

Ether 

“ 199 “46 

“ —1623 “1618 

192 “ 177 

Acetone 

12 0 “ 2 3 

“ -- 163 3 “ 162 6 

188 “ 172 

Benzene 1 

“ 14.4 “ 3.5 

—163.8 ‘*1634 

17s “ 172 


Solutions of nicotine in water show, on the other hand, a 
different behavior. As pointed out in § 56 the specific rotation 
changes within the limits = “^ 76.84 to 77 59 when the 
percentage strength sinks from p = I5-S9 to 1.06, with a mini- 
mum at / = 9 The molecular weight, found cryoscopically, 
shows however, according to the observations in § 56, a very 
strong decrease; it has for p — 13.74 the value 275, which 
gradually sinks to the normal, 162, when p is less than 2 per 

1 J, Hein TJebcr das specif. DrehungsvemiOgen und das Molecnlargewifdit des 
NicoUns inlytipnngen, Inang, Diss., Berlin (1896). 
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cent. In this case the great change in molecular weight has 
no influence on the rotating power of the substance. 

Rotation and molecular weight in solutions of different con- 
centrations have been further investigated by Frankland and 
Pickard^ with the following substances 


Solvent 


Decrease in 
per centage 
amount of 
active sub- 
stance 


Corresponding change 
in specific rotation, 


Molecular weight 
found cryoscopically 


flf-Dibenzoylglycerate of methyl [a] g = + 26.9 ; M = 328. 


Benzene 

34 I to 3 0 

Inc from + 40.7 to 45.7 , 

Between 299 and 322 

Nitro- 

benzene 

28,1 “2.4 

Dec. “ + 22 0 “ 19.8 

“ 305 341 

Bthylene- 

bromide 

22 3 “3-3 

** “ + 21 7 ” 19 2 

“ 322 " 359 

Acetic acid 

18 6 “X.7 

Inc + 32 4 “ 34 3 

“ 305 “ 341 

/-Diacetylglycerate of ethyl [or] = — * 16.31 

; 218. 

Benzene 

29 8 to 5.3 

Inc, from — 14 8 to 17.2 

Dec from 216 to 209 

Acetic acid 

25.0 “ 34 

‘‘ “ —194“ 287 

“ “ 194 “ 136 


With the first ester, no definite change in the molecular 
weight, corresponding to increase or decrease in the specific 
rotation with diminished concentration, is noticed ; for the 
molecular weight, irregularly varying numbers were founds 
which are not very far from the normal formula weight. 

The diacetylglycerate of ethyl dissolved in benzene shows 
an increase in rotation, but a decrease in the corresponding 
nearly normal molecular weight. In acetic acid, the rotation 
increases likewise and the molecular weight decreases, but the 
latter shows values which are much smaller than the normal^ 
so that dissociation appears to have taken place here. 

With the ethyl ester of /-mandelic acid, the following values 
were found by Walden® for the specific rotation and molecular 
weight, the latter being determined by elevation of the boiling- 
point : 

1 P Frankland and Pickard J Chem Soc , 69, 123 

8 Walden Ztschr phys Cbem , 17, 705 
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Pure eatm- {superfused) [a]j5 = — 183,1®; 


Solvent. 

c 

. 

Holecular weight found 

Acetone 

i i 

Carbon disulphide 

i( i< 

5.81 

I.I6 

5.00 

2.50 

— 90.6° 

— 87. c 
— 180.0 

— 1800 

1754 ('4.21 subst. in too pts, solution) 

189.6(3,64 “ “ " ) 


The original specific rotation of the ester experiences, there- 
fore, in acetone a marked decrease, but m disulphide of carbon, 
on the other hand, an increase, -while the molecular weight is 
normal in both solutions. 

^'inally, or-inonoiiitrocamphor dissolved in carbon disulphide 
shows a .strongly decreasing rotation with increase in concen- 
tration, but in alcohol only a slight change. In both solvents 
the sub.staiice po.sse.sses the normal molecular weight 
( I’escetta ) . ‘ 

According to the above observations the folio-wing phe- 
nomena, in general, have been noticed: 

1. A change in the rotation, with the molecular weight 
leiuaitung normal (ethyl luandelate, a-mononitrocamphor, 
nicotine in ethyl and propyl alcohol) 

2. A change in the niolecular weight while the rotation 
remains coii.staiit ( nicotine in water) . In these two cases there 
can. naturally, be no relation between the constants 

3. Simultaneous changes in rotation and molecular weight. 
If heie the molecular weight in solution is much greater than 
the notiual, the cause of the modified rotation is probably found 
in a pol\ meii/atioii of the molecule (simple tartrate esters) If 
the molecular weight is found to be smaller than the normal, 
the ch.inge in rotation is piobably due to beginning dissocia- 
tion (diacetyl glycerate of ethyl in acetic aad). 

Whether or not the variations from the original specific 
rotation which were found in the tetra-substituted esters of 
tartaric acid, inve.stigated by Freundler, when they w^e ^s- 
solved in different solvents, have any connection with the 
decrease in molecular weight observed at the same time, can 
not be shown with certainty, 

• PMMtUi! Omi. cWm. tttl'i a8> “1'®' * 
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63. c. Presence of Complex Polymerized Molecule* (Cry*tiU Mol*- 
cules) in the Solution. — it is not clear h«\v hy association 
of two or only a few molecules tlie orijjinal rotatit*« should Ijc 
altered, some action should follow, on the other hun«l, when n 
large number of active molecules unite to produce a crystal 
structure, which m turn pos.se.sses asyniinctric fi»nn. It has 
already been shown, in § 7, that those bodies which arc active 
in dissolved and in crystalline condition possess, in the latter 
fonn, a lotatiug pow'er which is due to the combined activity of 
the single molecules and the ciystal molecules. I f the assump- 
tion may be made that in concentrated .solutions, at least, of 
solid active substances, such complex aggregations me present, 
which by continued dilution gradually bieak down inti» normal 
molecules, then the corre.sponding changes in the rotation m.iv 
be explained. 

The possibility of the occurrence of .such cr\*stal molei'ulcs 
in solutions has been frequently afllimed bv (Intth.' l-ock, 
Bell," Wyrouboff‘ and others, but exiierimental pioof is thnsfai 
wholly lacking It is, however, i)os.sible th.it the following 
phenomena observed in aqueous .soliuion.s of malic and t.iitunc 
acids may be ascribed to this cau.se. 


Ordinary malic acid exhibits left rotation in dilute aiincons 
solutions, and this grows le.s.s with inciea.siiig cnncentt.ition. 
passes through a point of inactivity, and finally turns to increus- 
iiig right rotation (§ 57). The .same phenomenon is noticed on 
lowering the temperature (§ 60). With cAtartaric acid, on 
the other hand, the rotation changes from right tt) left griidu 
ally as the concentration becomes very great ( g qti) . h'or each 
spectrum color the point of inactivity appears at a certain and 
distinct concentration (§46), 


These marked variations in the rotation ran lie explained, 
as Nasiiii and Geiinari" especially have pointed out, by ( 1 ) 
electrolytic dissociation, because this w'ith malic acid and tar- 


taric acid is noticeable only in very dilute solutions, where an 
accurate observation of the rotation could no longer he made ; 

> Grotli- “Physlkal. Kryulttllog.," Ill ed, (189.^, p aSH. 

» Fock: “ Binlelluns la die chemieehe Kryilnllottraphle •• (iHuh). a ■<, 

® Z,oula Bell; SiUiaiap*fl Jour. [3], 7, 120. 

< Wyrouboff: Compt. rend., us, 832; Bull. Sne. ciilin., [3I, a, 214 
» Naslul and Oeiraari: ziachr. pliya. chem., 19, 113 


if 
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(2) by simple polymertotiop, as pryoseopic observations 
with malic acid in concentrations Q^tfind, 24.5 have shown the 
normal molecular weight ; (3) by, formation of hydrates of 
vanable composition; for the reasons giveh in § 64 these are 
in general not possible. 

The phenomenon may be understood, however, if we assume 
that the left-rotating single molecules of malic acid with 
increasing concentration gradually combine to form right- 
rotating aggregations, and the right-rotating tartaric acid 
molecules to form left-rotating groups. Accordingly, finally, 
in anhydrous condition, /-malic acid should exhibit right 
rotation and fl?-tartaric acid left rotation. With the first acid 
this has not been shown experimentally,^ but in the case of 
tartaric acid it has been, as already mentioned in § 46 That 
this condition can actually obtain when solid crystalline par- 
ticles separate is shown in the case of rubidium tartrate, which, 
as explained in § 7, possesses right rotation in solution, but left 
rotation as salt. 

The assumption that in solutions of malic and tartaric acids, 
single molecules and molecular aggregations occur at the same 
time, and possess opposite rotations, would explain (i) The 
anomalous rotation dispersion of the two substances (§46); 
(2) the parallel change in rotation with increasing dilution or 
elevation of temperatures (s 60), as both causes would lead 
to a breaking down of molecular aggregates , (3) the 

phenomenon referred to m §59 in which solutions of ^-tartaric 
acid in mixtures* of alcohol and benzene or other hydrocarbons 
exhibit left rotation, inasmuch as these liquids, as is well 
known, have the power of favoring the formation of molecular 
combinations 

A proof of aggregations by cryoscopic methods is not pos- 
sible, as these do not exist in dilute solutions In such 
solutions, as shown in § 20, tartaric acid has the normal 
molecular weight. The further changes observed in the 
rotation of tartaric acid, with great dilution (§55), their 
explanation in the now possible electrolytic dissociation. 

As may be finally remarked, phenomena different from 
those referred to above had already led to the view that 
molecular combinations exist in concentrated solutions which 

I Thl8 has since been shown by Walden See Part VI, Constants of Rotation Tr 
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break down with increasing dilution Hittorf explains in this 
way the abnormal behavior of cadmium salts on electrolysis.^ 

64. d. Combinations of the Active Body with the Solvent. Hydrates. 
— Biot** attempted to explain the changes in the specific rotation 
of tartaric acid on increasing dilution on the assumption of the 
formation of hydrates containing more and more water. But 
thus far, it has not been found possible with this substance or 
with others to positively prove the existence of such compounds, 
as the methods based on observations of osmotic pressure 
furnish here no information. As Nernst® has shown, a pro- 
gressive formation or decomposition of hydrates with 
increasing dilution is in general not possible, and for the 
following reasons If a molecule, with n molecules of 
another substances B (water) enters into the reversible 
reaction, 

A -\- n B = A Bfiy 

and the corresponding concentrations are, 

then must, by the Guldberg-Waage law, 

J<rc=c,c,\ 

If the molecule species, B, represents the solvent, present in 
excess, then its concentration, in comparison with q and 
c, is very large, and it will be but little changed 111 the reaction, 
whatever direction this takes. Consequently q may be com- 
bined with the constant K and we have : 

— = const. ; 

that is, for all concentrations^ the relation of the hydrated to the 
non-hydrated molecules mtcst remain the same. This law would 
naturally no longer obtain if the substance on solution should 
form several kinds of groups, A, by polymerization or chem- 
ical decomposition. 

Hydrates of definite composition are without doubt formed by 
th^ solution of certain active bodies in water. This is indi- 
cated, for example, by the strong hberation of heat in the case 

i See H, Jahn “ Grundnss der l^lectrochemie,” Vienna, 1895, pp. 49 and 57. 

3 Biot, M6m. del’Institut , T 15 (1838) 

8 Nernst Ztschr. phys Chem , ii, 345, “ Theoretische Chemie,^’ p. 370. 
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of nicotine ( 1 5 f or ' 34 grams of nicotine and 6 grams of water) ; 
also by the phenomenon that strong solutions separate, on 
heating, into the oily base and water. Further, as follows 
from the observations cited in § 52, the density of the solutions 
increases with increasing addition of water, reaches a maxi- 
mum with the proportions 65.9 nicotine to 34.1 water (corre- 
sponding to CjjHuNj.sHjO) and then rapidly decreases. This 
peculiarity in the variations in the specific gravity is not shown 
however, in the continuous decrease exhibited by the specific 
rotation, and it may therefore be questioned' if the latter is 
influenced by the nicotine hydrate. 

The changes in the rotation of aqueous solutions of malic 
acid, referred to in § 57, have been accounted for by Bremer* 
on the a.s.snniption that the acid itself possesses right-hand 
rotation while the hydrate.s, 



COOH— CH. OH— CH,-C ( OH)„ 
C(OH),— CH.OH-CH,— C(OH)„ 


.show left-hand rotation. 


Further, the phenoiiieiion that rhamnose hydrate, 
C, 1 I„(>, H.t), dissolved in water on the one hand, and in cer- 
tain alcohols on the other, exhibits opposite rotation directions, 
has been explained by Rayinan* on the hypothesis that the 
.solution contains a hydrate, C,Hi, 0 ,.CH(OH)j, m the one case 
and 111 the other, alcoholates, CbH„ 0 , *CH( 0 H)( 0 R), m 
which a new asyimnetnc carbon atom appears The observed 
.sixicific rotations refeired to CjHijOb are the following. 


Wilier /> 5 to 40 [«]„ = + 9 2 to 9 4 * 

Methvl iileohol ■/> ^ 19 [»] o = ~ 59* 

Itlhil alcohol .. p ^ 6 4; 9.3 [a:]^ = — 10 55 ,* to 0"^ 
Isitbulvl alcohol. ■ ^ - 73 ^‘5 

lH«prt»pyl alcohol . [^] + 7 

I Urrnier Hcc trav. Chlui. Pays-Bas., 3, 162, 336* 

4 Raymani t0c, eil 
* Jacobi’ /cc. cit. 

« Parfaok 8ulc \ Bar, d. chem. Gaa., ao, i4n. 
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Of the left-rotating alcoholic rhamnosides Rayman was 2 
to prepare the amyl compound in solid condition. The ri 
rotation of the solution in isopropyl alcohol is explained 
Parizek and Sulc,^ who state that in this cas6 an alcoholah 
not formed. According to Fisher the alcohol glucosides 
easily formed in presence of hydrochloric acid ^ 

If an active body forms a true chemical combination 
the solvent, the resulting specific rotation would naturally 
different from that found with an inert solvent. This wc 
be the case, for example, with solutions of borneol in clil( 
or bromal. The existence of such compounds in solutioi 
frequently assumed, for example, of turpentine oil with carl 
disulphide,® propyl tartrate with benzene,'^ alkaloids v 
alcohol and benzene,® but that they are formed has not b 
definitely proved. 

65. e. Hydrolysis. — This phenomenon occurring in salts 
weak acids or bases appears to influence the rotation in sc 
instances, as already pointed out in §61, but numerical c 
are still lacking. The effect is probably slight, because, a 
well known, with most salts but a small portion suffers hyc 
lytic dissociation (Shields),® (Bredig) 

66. f. Small Variations m the Atomic Equilibrium of the Ac 
Molecule. — The alteration in specific rotation shown by ne2 
all bodies in presence of a solvent cannot be explained in mi 
cases, by any of the causes so far discussed. Here, 
example, belongs the increase in the specific rotation of ca 
sugar by increasing dilution with water, where between 
limits = 35 to 95 [a]x, increases from 65 6® to 66.6® (§5 
further, the increase in specific rotation of /-turpentine 
[^]z) = — 37, by addition of alcohol, benzene or acetic a< 
which liquids finally yield a maximum value of [a]^, = — 38. 
— 39.8°, and— >40.7° (§52) Although in these cases, as 
many others, the increase or decrease in the rotating powe 
but small, it may still be followed with certainty. 

1 Panzek and Sulc loc ctL, Sulc. Ber d chetn Ges., 37, 594. 

2 Fisher Ber d chem Ges , a6, 2400 
8 Aignan. Pouv Rot , Thesis, 1893, p 24 
* Freundler Bull Soc Chim , [3], 9, 683 
8 Wyrouhoff Jour de Phys [3], a, 180; Ann, chim, phys. [7], i, 

0 Shields Ztschr phys Chem , la, 167. 
f Bredig Ibtd , 13, 322 
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Phenomena of this order, as already remarked! in the fii4t 
edition of this work, may possibly be accounted for by the 
hypothesis, that when between ihe molecules of a eertaiu 
substance (turpentine) other molecules (alcohol) enter, certain 
modifications in the structure of the first result and of such a 
nature that in each molecule, the relative positions of the 
atoms, their arrangement in space and the conditions of their 
motions are somewhat altered. This will follow in greater 
degree, the larger the number of added inactive particles 
Observations of other kinds of phenomena have also led to the 
.same notions of possible slight perturbations in atomic equili- 
brium, not siifBcient, however, to endanger the existence of the 
molecule ' 


£. Specific Rotation of Complex Systems 

67. Solutions of an Active Body in Two Inactive Liquids the 

change in the specific rotation of the body by each one of the 
.solvents alone is expres.sed by the constants of the equations- 

ni [«]. = « -I- 

[<r], = a , 

in which a is nearly the same, the action of the mixture will 
be given by 

(II) [«-] ((5,P, -f -f (f,/> + c,P,)g^, 

where 100 parts by weight of the solution of the active sub- 
stance contain q parts of the inactive liquid mixture, or i part 
by weight of the latter is made up of and parts of the 
components 

This formula applies, however, only when the two liquids 
mix with but slight change in volume or other physical 
property, as, 111 the other event, some modification in the 
behavior of the same with the active body might be expected. 

Rimbach* investigated the relations obtaining with solutions 
of camphor in mixtures of acetic ether and benzene He 
found,' as expressing the influence of the liquids separatdy: 
Camphor in acetic ether [a]” = 5^*54 — 0.0907 q + 0.000 401 
** benzene [a]S = 55-99 — o-i847 5' + 0.000 269 

Then the specific rotations were determined for a number of 

1 See, for example, van ’t Hoff • Etudes ae dynamiquc chunique," 1884, p, 41 
* Rimbadhs Zelt. pbye. qhem., . 
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solutions wMcli are given below in parallel with the values 
found by formula (II). For this calculation ff was taken 
56.265. * 


Mixture, 

Acetic ether. 

Benzene 

1 — 1 

1 — 1 

• 1? 

Pi 

Pi 

Observation. 

Calciiltitiuu. 

4994 

0.7509 

0.2491 

+ 51.76® 

51.49" 

64.98 

07309 

0.2491 

50.86 

50.41 

90 00 

0.7509 

0.2491 

49.63 

48.97 

46 21 

0 5050 

0.4950 

30.88 

50.66 

64 96 

05050 

0,4950 

49.35 

48.77 

79.70 

0.5050 

0.4950 

48.06 

47.46 

89.49 

0 5050 

04950 

47.32 

46.67 

40 16 

0 2569 

0.7431 

50.35 

. 5 >'., 3 i 

50 13 

0.2569 

0.7431 

49.14 

48.98 

65 18 

0 2569 

0.7431 

47.41 

47.<*9 

80 00 

0 2569 

07431 

45 89 

45.36 

89 69 

0 2569 

0.7431 

4486 

44 . 3 ‘' 


Cttl “tUlH, 


<’45 

oM 

0.32 

58 

Q 65 
n.u4 
n 16 

0,56 


With these mixtures the calculated .specific rotation wn.s 
always found a httle less than that found by olxservation, the 
difference increasing with the dilution of the mixture. 

A second senes of investigation.s made by Rimbach on 
solutions of nght turpentine oil in mixtures of alcohol and 
glacial acetic acid showed very .small differences between 
observation and calculation, and sonietiine.s positive, .some- 
times negative 

While in the above illustrations, the specific rotation with 
mixtures has been found to lie between tho.se found with the 
components, it has been noticed that in some cases the first 
may be considerably the larger. In this event, a maxhmm 
rotation is found for some definite mixture of the two liquids. 
The following are observations in this line : 

According to Hesse' cinchonidine gives in concentration. 


Dissolved in alcohol of 97 per cent by volume, 1 

** chloroform ^ 

alcohol-chloroform ( i ; 3) , «* 

1 Hesse . Ann, Chem, (I^iebig), 176, 219, 


-- 106,9 

- 83,9 

— 108*9 





For anhydrous cinchonidine nitrate and hydrochlonde, 
Oudemans* obtained the following numbers 

Ifydro- 
Nitrate, cHlond'e, 
** I 855 c « I 722, 


Solvent, 


Water = 99 9 ^ 99^9 

Absolute alcohol .. “ — 103 2 — 104,6 

80 per cent.*^ alcohol + 20 per cent * water. . . “ — 127.0 — 128,7 

89 “ “ “ + II ** —1190 — 119.6 


According to Oudemans quinidme hydrochloride in concen- 
tration «: == 1.89, for the anhydrous salt, shows : 


Dissolved in water [^] jp “ + 190.8 

“ “ absolute alcohol “ 199 4 


Dissolved in alcohol of 90 5 per cent by weight “ 213 o 

Hesse” has followed the changes in the specific rotation of 
quinine hydrochloride (with 2H2O) with variations in the 
proportions of water and alcohol used as a solvent, employing 
always the constant concentration, c= 2. From the follow- 
ing data, in which g- gives the per cent, by volume of alcohol in 
the solvent, it appears that for^ = 60, a maximum of rotation 
occurs 


^ ^ o 20 40 50 60 70 80 85 90 97 

= — 138 8 i66 6 182 8 187 5 187.8 182 3 174 8 168.3 160 8 143 9 

Oudemans^ gives the following observations on the specific 
rotation of cinchonine in mixtures of chloroform and alcohol 

1 2 3456 


Chloroform . . • • 

100 00 

99 66 

98 74 

94.48 

86 95 

82 26 

Alcohol . 

0 

034 

1.26 

552 

13 OS 

17 74 

[«]/> 

+ 2t2 0 

216.3 

226 4 

2366 

237 0 

234 7 


7 

8 

9 


10 

11 

Chloroform . . . 

65 00 

44 29 27 

54 

17 02 

0 00 

Alcohol 

35-00 

55 71 

72 

46 

82 96 

100 00 

M. •••• 

229.5 

226 6 

227 

6 

227 8 

228 0 

A maximum 

IS found 

here 

which 

is shown by 

■ graphic 


interpolation to occur with the mixture containing 10 per 
cent, of alcohol. It is also observed that in an alcoholic solu- 
tion of cinchonine, about one-half of the alcohol may be 
replaced by chloroform without producing any marked change 
in the specific rotation, while on the other hand, if in a solu- 

I Oudemans ; Ann. Chem. (I^lebig), 18a, 49, 50. 

* By weight. 

8 Hesi^* Ann Chem. (Webig), 176,210. 

* Oudemans : 166, 71. 
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tion of cinchonine in chloroform only 1/300 of the latter is 
replaced by alcohol, an increase in the specific rotation of 4° 
follows. ^ 

68. Mixtures of Two Active Liquid Substances. — If the mixture 
consists of 

parts by weight of the one body with specific rotation 
A ** “ “ other ‘‘ ** 

then we have as the specific rotation of the mixture [or];,,: 

ra\ — A Ml + A M. 

A+A 

assuming that each body has no influence on the specific rota- 
tion of the other. If, however, some such action takes place 
the observed specific rotation must depart more or less widely 
from that calculated. 

An investigation of this question was undertaken by Ham- 
merschmidt^ with the following substances . 


Mixtures of Right- and Left-Rotating Turpentine. 


Mixture 

No, 

In 100 parts of mixture 

Observed 
rotation of the 
mixture 

Ms 

Calculated 

specific 

rotation 

Diffei eiice 
Calc — Obs 

Right oil. 

I^eft oil 


100 

. . . 

+ 1739'^ 

. • . 

. . . 

I 

79‘25 

20.75 

+ 8 40 

+ 641° 

+ 0 01 

II 

60.40 

39.60 

— 3 54 

— 3 55 

+ O.OI 

III 

40.82 

59.18 

— 13.90 

— 13 90 

+ 0 or 

IV 

2083 

79-77 

28.82 

— 28.80 

•— 0.02 


• • • “ 

100 

— 35 50 

.... 

... 


From these numbers it is evident that the specific rotations 
of mixtures of such similar bodies as two turpentine oils corre- 
spond exactly to the above mixture formula. It is further 
found by calculation that a mixture of 67.13 parts by weight 
of theright-handoil with 32.87 parts by weight of the left- 
rotating oil must be inactive optically. 

69. Solutions of Two Active Bodies in an Inactive Liquid. 

I^et the mixture contain in 100 parts by weight 

1 Hammerschmidt, “ Ueber das specifische DrehungrsvemSgeti von Oemengen 
optisch activer Substanzen ** Inaug Dissert Rostock 1889 
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per cent* of the first active ^stibstanee, 

A, ** second 

JF^ ** “ inactive liquid, 

and let the effect of the solvent on the first active body be 
expressed by 

(I) [a]i = 

and that of the solvent on the second active body by 

(II) [a]a = aj + b^p H“ 

^ in which formulas p gives the percentage amount of active 
substance m each solution. 


Then we substitute : 

In equation (I) for / the value \ 

loo A^ 
A, + F 


(11) p - 


With the specific rotations {pi]^ and so obtained, 

there follows for the mixture, 

A, + A, 

but from the observed angle of rotation we have the value, 




ioo^v„; 


l.d(A, + A,) 

In order to judge of the difference between observation and 
calculation, it is preferable to compare the observed angles of 
rotation directly instead of the specific rotations, from which it 
will be seen whether or not the errors of observation are 
exceeded. The calculated angle of rotation follows by equating 
the last two formulas, as : 

' lOO 


ot„ 


l.d. 



These deductions may be tested by some experiments "wliich 
Hammerschmidt’ carried out with aqueous solutions contain- 
ing cane-sugar and grape-sugar. The following tables give 
' first, the observed data, and then the calculations, for which 
the interpolation formulas of Tollens are used in finding the 
specific rotations of the two sugars : 

I Hammersclimldt x LoceU* . * 

^ Ml 

i6 
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Cane-sugar* . . - [ a ] ^ = 66,386 + 0.015035 p — 0 0003986 p ^ 
Orape-sugar . . ^ 52 500 + 0.018796 p ■— 0.0005168 p ^ 


Solu’n 

No 

In 100 parts by weight 

Specific 
gravity of 
solution 
d 

Observed angle 
of rotation for 
/ = 1 9992dm 

Specific 

rotation, 

[“]« 

R&yjD 

Cane- 

sugar 

Grape- 

sugar 

Aq 

1 

Water 

1 ^ 

I 

5049 

19.490 

75 461 

1.09996 

30.14° 

55.83° 

2 

9 814 

14851 

75 335 

I.IOI04 

31 81 

58.56 

3 

14.655 

9863 

75 482 

1. 10073 

3306 

61 28 

4 

19517 

4892 

75 591 

I 10054 

3425 

63.78 

5 1 

19.558 

4855 ! 

75 587 

1.10056 

3430 

6385 


Solu’n 

No 

Cane- 

sugar 

100 Ai 

Ax 

Grape- 

sugar 

TOO A 2 

A2 -i- 

Cane- 

sug^r 

C“]i 

Rayz> 

Grape-sugar 

Rayz) 

Calculated 
angle of 
rotation 
«;« 

Ray .D 

Calc -Obs 

I 

6.271 

20.526 

66 464® 

53 104° 

30 14° 

0 00° 

2 

II 526 

16 467 

1 66 506 

52 950 

3168 

— 0 13 

3 

16 259 

II 557 

66 525 

52 786 

32.91 

— 0.15 

4 

20 521 

6 078 

66 527 

52 633 

34 23 

— 0 02 

5 

20 556 

603s 

i 66527 

52.632 

34 25 

— 005 


From tlie slight deviation of the calculated angle of rotation 
from the observed it follows that cane-sugar and grape-sugar 
do not sensibly affect each other in their rotating power 
An agreement equally close is found with aqueous solutions 
of mixtures of cane-sugar and raffinose (meletriose) The 
specific rotation of each, and especially of the latter, is but 
slightly dependent on the amount of water, and we can take 
as constants for • 


Cane-sugar [a:]^ = + 665 

Raffinose [or] ^3 = + 104 5 


In such cases we can employ in the above mixture formula 
the concentrations and in place of the weight per cents. , 
and that is, we can consider the number of grams of 
each substance dissolved in 100 cc of solution, from which, 

^1 n“ 


100 


Bxperiments by Creydt^ have given the following results : 

1 Zeit, Ver fur Rut3enzuck:er-Ind , 1887. p 153 
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xoocc solution 
contains 

Angle of rotation [^arj ^ 
for tube length / =» 2 am 

Specific rotation. 

Cane- 

sugar. 

Cl 

Raf. 

flnose, 

Observed 

for 

Calculated 

Calc — 
Obs 

Observed 
for D 

Calculated 

Calc — 
Obs. 

16 K 

4 g 

-f- 29 61 

+ 29-64 

+ 0.03 

+ 7402 

+ 74-10 

+ 0.08 

17 “ 

3 “ 

28.92 

28.88 

— 0 04 

72,29 

72.20 

— 0.09 

18 “ 

2 “ 

28 XI 

28.12 

-|- O.OI 

70 28 

70.30 

+ 0.02 

19 “ 

I ** 

27.37 

27.37 

^ * 0 00 

6843 

6843 

0.00 



Somewhat greater differences between observation and 
calculation were obtained by Hammerschmidt^ with mixtures 
of ^jf-camphor and /-santonin dissolved in chloroform. 


70. Addition of Inactive Bodies to Solutions of Active Substances. — 
According to the nature of the two substances mixed, the 
increase or decrease in the rotating power noted depends on a 
cluange in the chemical equilibrium, the degree of dissociation, 
or on the formation of new compounds Most of the investi- 
gations carried out in this field deal with tartaric acid and 
malic acid, 01 with different sugars. Among these the 
following may be considered 

A . Tartaric Acid and Make Acid, 

a. Inf licence of Alkah Salts on the Rotation of Tartrates — K 
senes of investigations carried out by I^ong® relates to potas- 
sium sodium tartrate, the specific rotation 

of which changes but little within the limits, ^ = 5 to 45, and 
which may be given as [ocjf) = 22 10. 20 grams of Rochelle 

salt with 5, 10, 15, or 20 grams of different alkali salts were 
dissolved to make 100 cc. of solution and the variations, A, 
from the value 22.10 were determined. These were found to 
be partly positive and partly negative, and increased with 
increased amounts of the alkali salts. In the following table 
the results are given which were found with 5 and 20 grams 

of the salts (or with other amounts designated in parentheses) : 

I Htmmernchmidt ; «’/„ p. aa. 

* IiOtiff : Am. J. Scl, Arts, [3I, 36, 351 (1888) 






W3X 


Increase in 22.10 by A 

Decrease m 22 10 by A, 


Amount of salt 


Amount of salt 

Given by 



Given by 








5 

grams 

20 grams 


5 grams. 

20 grams. 


A 

A 


A 

A 

JgQ 

0.62 










*^.30 

TTUr 

0.62 





I 00 

KI 

0.85 

NaNOg 

0.38 





KNOs 

0.36 


TVfl-ftn. 


1.60 


1.37 


43 

EaS 04 

0.50 

0.63 (10) 

Na2HP04+ 12 aq 

0.19 

0.52 

KSCN 

0.38 

0.73 

NaHaPOa aq.. 

0.20 

1.78 

KCaHjOa 

0.42 

I 02 

NagSgOg + saq.. 

0 24 

I.I9 

KjCjO, + aq — 

047 , 

.. 

NaCgHgOa + 3 aq 

0.15 

0 98 


, 


NaaB^O^ + lo aq 

.. 

0.28(10) 

NH*a 

0 48 

I.OO 

Na^WO^ 

. 

1 41(10) 

HH^Br 

037 

0.63 (15) 




NH4SCN 

.. 

0.49 (10) 

lyiCl 

1.67 (6.75) 

.. 

(NH,)AO« + aq 

M 

0 

• • 

TljSO* 

3.43 

•• 


The Specific rotation of potassium sodium tartrate is accord- 
ingly increased, in the concentrations employed, by addition 
of potassium or ammonium salts, while, on the other hand, 
sodium salts, lithium chloride, and thallium sulphate cause a 
decrease. The reason for these opposite actions is not clear, 
and no investigations have been made to show whether or not 
they hold good in dilute solutions The strongest effect is 
found with thallium sulphate. 

Neutral potassium tartrate ' also, as shown by Schiitt,' 
exhibits a slight increase in specific rotation by addition of 
potassipm chloride, and a decrease with sodium chloride. The 
following mixtures were made and the polarization, found 
in a 2-dm. tube with a half-shadow instrument having the 
Ventzke sugar scale. From these values the specific rotations 
were calculated:® 

^ ScliUtt Ber d chem Ges., ai, 2586. 

a On tlie assumption that Ventzke (ray j) « 0 346 angular degree (ray £>), 
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In 100 cc solution. 

P 

Diff 


Dif* 

40 gm. tartrate 7+- 8 gm. KCl. . . 
40 “ 

66.8 

658 

62.8 

I.O 

2889 

28 46 
27.16 

043 

40“ " +8gtn. NaCl... 

3-0 

1.30 

30 gm. tartrate -f 14 gm KCl • - 
30 “ “ 

49-9 

1.2 

28.78 

28 08 
*5.78 

070 

30 “ + i4gm. NaQ-. 

40.7 

1 44-7 

4,0 

2.30 

20 gm. tartrate -f 22 gm KCl. . 

20 “ “ 

30 “ “ +22gmNaa.. 

333 

31.8 

27.S 

1*5 

4.3 

28.80 

27*51 

23.79 

£ 29 

3.72 

xo gm. tartrate + 25 gm KCl.. 
10 “ “ 

16.7 

1 15.6 

13 2 

i.i 

28.89 

1.90 

10 " “ + 25 gm. NaCl . 

2 4 

26 99 

22 84 

4.15 


The effect varies with the proportions in which the substances 
are mixed. On this difference in behavior of potassium 
chloride and sodium chloride Schutt has based a method for 
the quantitative analysis of a mixture of the two salts. See 
PartV. 

A slight decrease in the rotation of sodium tartrate by 
addition of sodium nitrate was observed by Th Thomsen.^ 
The specific rotation of tartar emetic (K.SbO.C^HPg^HjO) 
for ^ = 5, = 141.27, was found by Long® to be 

diminished by addition of potassium, sodium and ammonium 
salts, and in greater degree, the more of the salts are present. 
The decrease by KCl, KBr, KNO,, NaCl, NaNO^, NH^Cl, and 
NH^NOgis slight, while for sodium acetate, sodium phosphate, 
and sodium carbonate it is considerable, when these salts are 
added in amount insufficient to produce a precipitate. Thus, 
10 grams of sodium acetate reduce the specific rotation given 
above to 123,59, and small amounts of sodium carbonate to 
55.8 even. According to Long, the action of these salts 
depends on this, that the antimonyl-potassium tartrate is 
partly decomposed into alkali tartrates and compounds contain- 
ing SbO and K with acetic, phosphoric, and carbonic acids. 

1 Thomaen : J« prakt. Chepi , [a], 34, 83. 

« nong { Am. J. Sci. Arts, [3], 38, 2 ^^; 40, 375. 
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b Influence of Boric Acid on the Rotation of Tartaric A ad , — 
The marked increase in activity which is found here was 
observed first by Biot^ in 1837 and later made the subject of 
lengthy investigations.® In order to follow the changes which 
occur where water and boric acid are both added, he showed 
first that the rotation of the tartaric acid is increased by each 
one of these bodies taken alone ; that is, first, by melting the 
tartaric acid with increasing amounts of boric acid to form . 
glass-like masses, and secondly, by dissolving the acid in 
increasing quantities of water. If now an aqueous solution of 
tartaric acid be treated with boric acid, the observed specific 
rotation depends on these two conditions : 


I On the relation of the tartaric acid to the boric acid. 
The latter increases the rotation, as borotartaric acid is 
formed, and this has a greater rotating power,® If the relation 
of tartaric acid to water is maintained constant, the increase 
which the specific rotation of tartaric acid experiences by 
addition of varying amounts of boric acid, /?, may be expressed 
by the formula 

\_u]= A + . 


in which the constants, A^ B, C, are to be found by a series of 
observations 


2. On the amount of water On the one hand, this acts to 
mcrease the rotation of the tartaric acid, but on the other, it 
causes hydrolytic decomposition of the borotartaric acid, and 
in consequence, a decrease in the rotating power. Experi- 
ments showed that as long as the mixture contained for i part 
of tartaric acid less than 0.088 part of boric acid, the rotation is 
increased by gradual increase in the amount of water. If the 
relation between tartaric acid and boric acid is exactly 
I : 0.088, the specific rotation remains the same for all 
dilutions, because then, through the increasing hydrolysis 
of the borotartaric acid, the activity is decreased in the same 
degree in which it would be increased by the influence of the 

^ Biot' Mem de I’Acad , i6, 229 

s Biot: Ann chim phys , [3], |i, 82(1844.) , ap, 341, 430 (1850) , 59, 229 (x86o), 

8 Mono- or diboryltartanc acid Not stable in solid condition. (Duve Jalires* 
liencbt, 1869, p 540 ) Dubronfaut, Compt rend . 42, 112, assumes the formation of 
the compound, HsBOs + 2C4HeOo 
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dded water on the tartaric acid. Finally, if the mixture 
ontains, for i part of tartaric acid, more than 0,088 part of 
)oric acid, then the first action is the stronger and the rotation 
alls by increasing addition of water. In general, in these 
•ases, the changes may be expressed by the foi'mula 
‘a] = A + Bg, in which g represents the amount of water 
n 100 parts by weight of the mixture If all three com- 
)onents are varied, a maximum rotation is found for definite 
veight relations. The papers of Biot contain a large amount 
)f numerical data, which are based on red light with a wave- 
ength of about 635 fJLjji, 

With reference to the D ray, for which but few investiga- 
10ns have been made, the extent of the influence of boric 
Lcid on the specific rotation of tartaric acid may be seen from 
he following numbers (Koch):* 


In 100 cc of solution 

Mol relation. 

[uf] of the tartanc acid 

Tartaric acid 

Boric acid 

Tartaric 

Bone 

With 

Without 

Grams 

Grams 

acid 

aad 

bone acid 

bone acid 

32 13 

332 

4 

I 

29 80® 

10 , 86 ° 

29 II 

4 01 

3 

I 

34.09 

II 25 

2451 

5 06 

2 

I 

39.58 

II 85 

i6 63 

687 

I 

I 

43 44 

12 88 


By determining the electrical conductivity of a large num- 
ber of different mixtures of tartaric acid, boric acid, and water, 
Magnanini’* also was able to prove the existence of a boro- 
artaric acid compound, which conducts well, and the electro- 
ytic divSsociation of the same by increasing addition of water 

On the rotation of the alkali boryl tartrates see § 61. 

Magiianini found that other oxy-acids also experience an 
increase in conductivity by addition of bone acid ; thus, lactic 
acid, glyceric acid, oxy butyric acid, and malic acid ® An 
increase in optical activity might be expected therefore with 
these, which, with reference to malic acid, was already pointed 
out by Pasteur.* 

1 P. Koch* “lEfinwlrkung weinsaurer Verhindungen auf polansirtes I/icht” 
Enaug.-Dlss., Tubingen 1869. 

* Magnanini: Zeit, phys. Chem , 6, 67; Gazz chim ital , ao, 453; ai, II, 134 

* Magnanini \ Gazz, chim, ital„ ai, II, 315. Ber, d. chem, Gcs., a 4 » 894 

4 Pasteur: Ann. chim. phys., Csli 89 > ^43 i 
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c. Action of Molybdates and Tungstates on Tartaric Acid , — 
On this question extended investigations have been carried out 
by Gernez which cover the following salts : 

Sodium molybdate Na2Mo04 + 2 Aq, Compt. rend., 104, 783. 

Lithium molybdate LI2M0O4, Compt rend., 108, 942. 

Magnesium molybdate - . MgMo04, Compt. rend,, 108,942. 

Ammonium molybdate.. (NH 4 )eMoT 024 + 4 Aq, Compt, rend., 105, 803. 
Potassium tungstate.... K2WO4, Compt rend., 106,1529. 

Sodium tungstate Na2W04 + 2 Aq, Compt. rend , 106, 1527. 

In these investigations, solutions were employed which con- 
tained always in 100 cc., 2 5 grams of tartaric acid and increas- 
ing amounts of the salts, added in molecular proportions to the 
tartaric acid. Gernez reports only the angles of rotation found 
in a tube i 057 dm in length. The following table contains 
the complete numerical data for ammonium molybdate, and in 
the last column, the specific rotations (calculated by Dr. 
Berndt) , which correspond to the tartaric acid in the different 
solutions 


Ammonium Moi.YBDAT]e. 


Mol of bait 
to I mol of 
tartanc acid 
in Visa uiol 

Grams of salt to 

2 5 grams of 
tartanc acid 

a'^for 
/ « I 057 dm 

[«]’/ 

0 

0 000 

0° 

21^ 

+ 132“ 

I 

0 161 

I 

2 

390 

2 

0,322 

% I 

41 

636 

3 

0.482 

2 

21 

889 

4 

0.644 

2 

57 

112 

6 

0965 

4 

5 

154 

8 

1,288 

5 

3 

191 

12 

1931 

6 

52 

260 

16 

2.575 

8 

49 

334 

24 

3863 

13 

22 

506 

32 = V4 

5 150 

17 

38 

667 

40 

6,438 

19 

50 

750 

42 66 = Vs 

6.866 

20 

39 * 

781* 

48 

7.725 

20 

38 

780 

56 

9013 

20 

35 

779 

64 = V 2 

' 10 300 

19 

47 

749 

96 

15.450 

17 

28 

66z 

128 = I 

20,600 

16 

44 

633 

193 = iVj 

1 

30.900 

16 

33 

636 
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For the other salts Dr. Berndt has calculated the following 
specific rotations of tartaric acid from the data of Gernez: 


Added salt in 
i/igmol for each 
mol of 
tartaric acid. 

Tungstate of 

1 Molybdate of 

Potassium 

[«]g 

Sodium, 

Sodium. 

Wi 


Maenesium. 

0 


14.0® 

T4.0® 

IS-®” 

14.0® 

14.0'® 

V, = V .4 

mol 

28.4 

27.6 

31.4 

25.3 

234 

I = Via 

<< 

41 6 

40.S 

5I.I 

38.6 

33.3 

* = v. 


693 

656 

897 

62.4 

53 3 

3 = V. 

tt 

954 

91.6 

128 

877 

72.2 

4 = V. 

n 

119 

I17 

167 

112 

91 5 

5 


143 

I41 

206 

137 

no 

6 = '/, 


169 

164 

243 

162 

X29 

7 


196 

185 

288 

186 

149 

8 


223 

207 

334 

209 

169 

9 


252 

228 

383 

23s 

1S9 

10 


281 

247 

43s 

255 

209 

II 


308 

264 

479 

277 

229 

12 = I 

(1 

327* 

277* 

517* 

299 

248 

13 


318 

271 


330 

272 

14 



• 

5 13 

358 

294 

15 


270 

2^1 

512 

383 

318 

16 


-• 



413 

343 

17 


• 



438 

368 

18 


241 

222 

505 

462 

394 

21 


• • 

210 


483 

463 

24 = 2 

(1 

211 

199 

498 

484* 

523* 

36 = 3 

(1 


170 

482 

468 

509 

48 = 4 

il 

• 

154 

473 

457 

495 

60 ~ 5 

(( 

• 

140 

455 

450 

478 


It IS seen, therefore, that the specific rotation of tartaric 
acid increases on addition of increasing amounts of the salts to 
a inaximuin, after which a decrease follows which is marked 
with the tungstates, but slight with the molybdates. These 
maximum points correspond to definite molecular proportions 
between the tartaric acid and the salts, and in fact to 





3 ^ Hr 4 

I “ •iNajW6*+2aq 

I : I NaaMoO* + 2 aq / 

I ; 2 EiaMo 04 

I : 2 MgMoOi 

The remarkably great increase in the specific rotation of 
tartaric acid, which, for example, with ammonium molybdate 


1 'I s 



4 ». 1 “ 1 
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reaches a value sixty times the original, may be, without doubt, 
ascribed to the formation of complex acids. Rosenheim^ has 
already shown that tungstic, molybdic, and vanadic acids form 
such compounds with oxalic acid, 
d. Action of Molybdates and Tungstates on Ordinary Malic 
Acid — Investigations on this point are also due to Gernez. 
They deal first with the behavior of 

Ammonium molybdate* .• (NH4)6Mo7024 + 4Aq, Compt. rend., log, 151. 

Sodium molybdate Na2Mo04 + 2 Aq, Compt rend., 109, 769. 

In each case i 1166 grams of malic acid were dissolved with 
increasing amounts of the salts, P, to make 12 cc., and the 
angle of rotation, was found in a tube 1.057 long at a 
temperature of 17°. The following table does not give all the 
solutions tested by Gernez, but only those with the numbers 
added ; in the fourth column the specific rotations of the malic 
acid, calculated by Dr Berndt, are given 


Ammonium molybdate 

1 Sodium molybdate 

Om 0 

0 Q 

Grams 





0 9 

Grams 





4 

salt 

«2. 


C«]^. 


*1 

salt 

P 



[«]3 

jsr 

I 

0 000 

— 0 20^ 

- 

- 2.0° 


I 

0 000 

- 

- 0 20° 

— 2 0° 


2 

0013 

— 0.40 

- 

- 4.1 


3 

0.084 

- 

- 1,12 

— 11.4 


4 

0.054 

— 097 

- 

- 9*9 


5 

0.336 

- 

-372 

— 378 


5 

0 107 

— 1.70 

- 

- 17.3 


6 

0.504 

- 

-548 

— 55*7 


6 

0 191 

-275 

- 

- 28 0 


7 

0.672 

- 

-725 

— 73*7 


8 

0 282 

— 3 82 

- 

- 38.8 


9 

1.008® 

- 

-907 

— 92.1 

My 

10 

0429 

~ 4*95 

- 

-503 


10 

1.176 

- 

- 5.20 

— 52.9 

14 

0 572^ 

— S 32 

- 

- 541 

Ml 

It 

1344 

- 

- 152 

-"15 5 


16 

0.644 

— 4.93 

- 

- 501 


12 

1.513 

+ 302 

+ 30.7 

•^1 

18 

0.736 

— 4 17 

- 

-424 


14 

1.848 

+ II 03 

+ 112 2 


20 

0.792 

-- 340 

- 

- 34-6 


15 

2.017^ 

+ 1402 

+ 1425 


22 

0936 

— I.OO 

- 

- 10.2 


17 

2.353 

+ 8 68 

-f" 88.2 

23 

0 966 

— 0.42 

- 

- 4.3 


19 

2.689 

4- 2.62 

+ 26.6 


24 

1.030® 

+ 0.S3 


- 8.4 


20 

2857 

+ 0.32 

•+ 3.3 


26 


-t- 3.23 

- 

- 32.8 


21 

3.025® 

- 

' 0.83 

— 8.4 

R ., 

28 

1.288 

+ 7.20 

- 

- 73.2 


24 

3.529” 

- 

- 1*55 

- 15.8 

M » 

29 

1395, 

+ 10 35 

- 

- 105.3 


26 

3.865 

- 

- 1.00 

— 10.2 


32 

1.717* 

+ 20 92 

- 

- 212 7 


27 

4.033*" 

- 

- 0.50 

— 5.1 


36 

2.146 

+ 36 22 

H 

-3682 


28 

4.201 


0.00 

0.0 


40 

2 .S 75 * 

+ 52.47 

i 

” 533 5 


30 

4.538 

- 

- 0.87 

-f* 8.8 

■‘*'8 

43 

3863 

-}- 72.00 

- 

-7319 


32 

5.042 

- 

- 2.27 

+ 19*3 


46 

S.> 5 o‘ 

■+ 72.80 

H 

-740 I 

Mi 

36 

5.548 

- 

- 3*95 

+ 402 


48 

6.008 

+ 72.33 

- 

- 735 3 


39 

7.058 

- 

- 7.17 

4 * 72.9 


49 ^ 

6 438 

72 00 

J 

h 731-9 


41 

8067“ 


- 10.25 

-b 104.2 



1 Rosenlieim Ztschr anorg Chem , 4, 352 , Ber d chem. Ges , a6, II, ngx. 

2 Equals 1/18 mol * Rquals i/g mol « EJquals x 75 mots. 

8 Equals 1/10 mol. 7 Equals 1 mol w Equals a mols. 

* Equals i/b mol 8 Equals 1 5 mols, u Equals 4 mols, 

8 Equals 1/4 mol 
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From the above, it is evident that the relation^' are much 
tnore complicated than with tartaric acid, inasmuch as shown 
by the letters under Z, not only are there points of maximum 
rotation (^M) but points of change in the direction of rotation 
Dr reversal H ; increasing amounts of ammonium molybdate 
2 ause at first an increase in the original levorotation which 
grows to a maximum, then decreases, and finally changes to 
dextrorotation which increases very rapidly, but at last falls 
a little. With sodium molybdate there are found three 
inactive concentrations and three points of maximum rotation 
of which two are on the side of levorotation, and one on that 
of dextrorotation. The curve expressing these changes would 
have a zigzag form. Finally, it may be remarked that the 
characteristic points, M and 7?, frequently correspond to con- 
centrations at which there is a definite molecular relation 
between the malic acid and added salts. 

Further investigations of Gemez are concerned with the 
action of the following salts on the rotation of malic acid 


I Compt 


Potassium tungstate K2WO4 

Sodium tungstate Na^W04 

lithium molybdate UMoO, \ 

Magnesium molybdate MgMo04 f ’ 

Sodium potassium molybdate 

Acid sodium molybdate 

Potassium phosphomolybdate 
Sodium phosphomolybdate 


rend , no, 1365. 


»529 


K2Na4Mo30i2 4 " 14 Aq Compt rend , 
NagMo7024 + 22 Aq i in, 792 
K8P2M05O24 

Na^P^MOfiOas + 14 Aq ^ Comyt rend , 


Ammonium phosphomolybdate (NH 4 ) 8 P 2 Mob 028 ^ 


The relations appearing here, are, in general, similar to those 
found with sodium and ammonium molybdates. 

B Sug-ars, 

a. Changes in the Rotation of Cane-Sugar by Alkalies and 
Salts, — As a great many investigations, carried out largely 
with reference to saccharimetry have shown, the following 
bodies all cause a decrease in the rotation : 

Hydroxides of the alkali and alkali-earth metals. 

Chlorides, nitrates, sulphates, carbonates, phosphates, acetates and 
citrates'* of the alkali metals. 

Borax, 

Magnesium sulphate, 

Chlorides of the alkali-earth metals. * 
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The action of these substances increases with increased 
addition of the same, and so as to reduce the specific rotation 
of cane-sugar from + 66.7° to about 60®.* 

On the behavior of the chlorides of the alkali and alkali- 
earth metals, the extended experiments of Farnsteiner’ have 
given the following specific rotations [«]/, : 



r 

X Fart of cane>8ugar and 


Parts of salt. 

66.60® 

Parts of v^ater. 

5 

66.67® 

IQ 

66 . 75 ° 

Without salt 


KCl 

1.083 

63.SS 

64.55 

■ « 

NaCl 

1.004 

62.47 

63,80 

* . 

lylCl 

1.008 

61 . 67 

63.18 

•• 

BaClj 

I 030 

65 -95 

66.10 

66..IS 

SrClj 

1,096 

64.12 

65.00 

65-85 

CaCl, 

0.996 

63 -Sa 

64.42 

. . 

MgClj 

1.230 

62.17 

63.70 

65.30 


The effect of the salts becomes weaker with increased dilution. 
It is further evident that the decrease in rotation brought 
about by nearly equal weights of salts is greater, the lower 
the molecular weight of the chloride. 

Borax, like the other alkali salts, causes a decrease in the 
specific rotation of cane-sugar. Miinte* found the following 
values when he examined solutions obtained by mixing 10 
grams of cqne-sugar in 100 cc. with increa.sing weights of 
borax ; 

Borax = 00. 51® 3 4 5 7.5 gram* 

[a] j =66.7 65.9 65.0 63.S 62.5 61.6 61.: 60.5® 

The effect of increased addition of salts has been followed in 
most cases only to a low limit. More extended investigations 
have been carried out by Famsteiuer‘ with reference to cal- 

1 A complete compitaUon of observations Is found In Wppmann’s “ChsmU dw 
Zuckerarten.” 

2 Farnsteiner, Ber d chem, Ges , 113, ir, 3570, 

8 Muntz * Ztschr, RUbenzuker-Ind,, a6, 735, 

< Farnsteiner Ber. d. chem. Ges., 33, 3372, 
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num chloride, and these haiKe shown that fMlowtog^ the £fst 
observed decrease in the rotation, an increase later appears, 
when the salt addition passes a certain limit. To a solution 
rf I part of sugar in 8.643 parts of water, the following 
imounts of calcium chloride were added : 


No. of the aol, 

1 

2 

3 

4 

5 

:aCla 

0 

0955 

1719 

2.753 

2.998 parts 

MS* 

66.74 

65.41 

64.50 

63-50 

63.41 

No of the sol 

6 

7 

8 

9 

xo 

CaCla 

3646 

4195 

5-356 

5.676 

5.987 parts 

[«]K* 

63.23* 

6345 

6566 

66.35 

67 88 


The minimum (*) of rotation is found with solution No. 6. 
In solution No. lO the sugar shows a stronger specific rotation 
than it does without addition of salt. 


It has been observed with ammonia also that in its concen- 
trated solutions (16 to 24 per cent, NHg) it occasions an 
increase in the rotation of sugar, while in dilute solution it 
produces a very small, or possibly even no, decrease (Ost) ^ 
b Dextrose and Calcium Chloride. — It has been observed 
here that the rotation is increased by addition of the salt 
Rinibach^ found the following values for [^y]/) : 


Strength 
of the 

CaCl2 solution 
used 

Per cent. 

Dextrose m xoo parts by weight of the 
whole solution 

30 

20 

10 

5 

0 00 

550“ 

55 - 4 “ 

55-8“ 

56.1° 

10.02 

55.6 

55*5 

54.8 

54*9 

19.94 

60.7 

605 

60.1 

60 4 


With the 5 and jo per cent, dextrose solutions a slight 
decrease in the rotations is at first observed. 

c. Action of Borax on Bodies of the Mannitol Group. — ^While, 
as remarked above, the effect of borax is to decrease the rota- 

1 Oat \ Neue Ztachr. fttr Rtiben»ucker-Ind., 9> 4^- 
i Rimbach? Ztschr. pbya, 9, 7i>7* 







0 i 
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tion of cane-sugar, it produces an increase of rotation In the 
alcohols of the glucose group. The phenomenon was fimt 
observed by Viguon with mauuitt)!, an<l later Iv. Fischer found 
the same behavior in the iientitols, hexitols, etc., discovered 
by him. Many of these bodies, which from their constitution 
should be active and which are not ruceincs, show in pure 
aqueous solution either no rotation or a very .sumll one. l>wt 
this may be developed by addition of Istrax to the solution. 
The extent of the rotation caitsed in tlii.s way may l*e seen 
from the table below, the .specific rotation-s heing ealeulateti in 
most cases from the data in the original pajH-rs: 


/-Arabitol 

flT-Mannitol 

d- 

A ** 

rf-Sorbitol 

d- “ 

/- “ 

flT-Talitol 

a-Maiuiobeptito] 

( I^erseit) j ' ' 
a-Ghicooctitol ...... 

^-Metbylgalactoside 


Without 
borax , 

[«]- 

0 

o[-.o 25]' 

(I 

o[— 2,04]’-* 

(I 

it 

'I 2,3 

— 1 . 22 ” 

H-2.0 

o 


With \mui% 

In im? et' luthttum 


Sugar. 

10.38 

10 

9.06 

9.06 

9.06 

10 


30 


hoiax. 

7 . 3 ^ 

12.8 

74 

74 

7.3 

7.3 

7.3 

7.3 

7*3 

m 

10 


•l.H 

32.5 

33.5 
38.3 

I *.5 
14 

X 4 

5*5 

4.8 

fi.fj 

2.6 


liWf^rt 


r 


V. LijmiitaiHt* 
I Finfhrr itiitl 


I 


sHtrthrJ* 


. i'Wbrr’** 
i \ l-’inrhcr wttil 
i i rnamiuifr** 

^ l^mrhr-r** 

1 lilt 


In ordinary rf-mamiitol dissolved in water Vif^non,’* Muntx 
and Aubin/®aiid others could find no activity, Imt Boiichanlnt/* 

i Bouchardat ; Compt. rend. So, lao; Jahreftbericht, (iHmi, u uk 
a Genjess. Compt rend., 113, 1031, ' ‘ ^ 

8 Geniez 114, 480, 

: SS' SCSI'S; , 'IS ‘j’ ' 

« V. Wppmann t Ibid,, as, 3330. 

“ Fischer and Stahel . Ibid,, 34, 3144. 

J” Fischer Ibtd„ 37, xsaS. 

Fischer and Passmore ‘ Ibid,, 33, 3333, 
w Fischer j Ann. Chem, (Webig), 370, 99. 

1® Fischer * Ber, d. chem Ges., a8, xi3s. 

Vignoti. Z.OC, cit, 

« Miinte and Atibin j Ann. chim, phy»„ r^l 10 
M Bouohardat, Compt. rend., 8o.?T 
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2.55 


the other hand, with a tube three meters in length filled 
th a solution of c= 15, fouud by aid of ^ half-shadow 
paratus and sodiiam light a rotation otj^ = -- i® 8', from 
Lich [a]/) = — 0.25°. Under similar conditions it is likely 
It rotating power would be found in solutions of other bodies 
the mannitol group. 

The chemical action of borax on the compounds of the 
innitol group does not consist in the formation of simple 
dition products. It is known that not only these varieties 
sugars but also the glucoses, as grape-sugar, galactose, 
ictose, and even glycol and glycerol on addition of borax, 
iich in itself has an alkaline reaction, peld strongly acid 
utions and this is also the case when sodium bicarbonate 
ut not the mono-carbonate) is likewise present (Dunstan,^ 
ein,^ Uambert,® Donath/ Jehn) ® 

It appears that, as with the oxyacids (tartaric acid), bodies 
acid character containing boron are formed, which, in con- 
^uence of the reaction of two hydroxyl groups on one mole- 
le of boric acid, contain the cyclic complex 



If free boric acid is added to mannitol the two unite in the 
Dportion of 3 molecules of acid to i of mannitol, as Mag- 
111111’ found by observations on the electric conductivity of 
sir solutions 

The .sugars, which from their constitution should be inactive, 
not become active by addition of borax, which has been 
own for dulcitol (Crossley)," xylitol (Fischer),” adonitol 
bscher),'” and nr-glucoheptitol (Fischer) ” 

Other bodies also besides borax have the power to call out 
e activity of mannitol. Thus, right rotation is produced by 

1 Duiistan Bei. d. cliem Ges , i6, 2504 Ref 

^ Klein* Compt. rend , 99, 144; Bull Soc Chim [2], 99, 198, 357, It is said that the 
ium salt, (CoHieOo)sBaO 2Bs08, can be made 
» I^ambert Compt rend,, 10$, xoi6 
* llonatlv Chem. Ztg., 17, 1826. 

A Jehn; Arch. Fhann , 35, 250, 96, 495 
« van’t Hoff: I^agerung der Atome in Raume, 2nd ed,, p, 113 
7 Magnanini Ztschr. phys Chem ^ 6 , 66 , 
s Crossley: Ber. d. chem, Ges., 95, 2564, 

0 Fischer: 94, 528, 

w Fischer: /bid., 96, 634. 
n Fischer; Ann. Chem, (I/iebig)^ 970, Bi, 



256 


SPSCIPIC ROTATION 


arsenic acid, neutral sodium arsenate (Vigunn),' tungwiafci* 
(Klein).* Left rotation is produced hy alkalies, alkali carUni 
ates, acid sodium arsenate and alkali-earths {Vigiion). 

d. Action of Acid Sodium and Ammonium on 

Mannitol, Sordilol, tx-Mannoheftitol iPctxcif) and flAamno^c 
(^Isodulcitol).- The three .sugars named first, which in inifr' 
aqueous .solution possess a .slight rotation to the left, are mrt 
influenced by neutral molybdates; tni the other hnml fur 
raolybdic acid and its acid .salts pnaluce in these Hohifimts 
strong dextrorotation. C»erner, added the molyltdates. 

Na,Mo, 0 „ I 22H/) and (Nn,),M«, 0 „ >i 
in increasing amounts ( i’l to above 31 ' of the nuileeular wt-tghl 
to r mol, of sugar) and found that the right mtation inereas* s 
a maximum and then decreases. The large.st values fi»r in.m ii > l« 4 
sorbitol and mannoheptitol, were found when the st»luUM»s 
contained for one molecule of these iHidies "jV' o.aH mole 
cule of the .sodium or ammonium molybdate. The f«lh»w»»g 
specific rotations are calculated from the data of {»eriuv,‘ 



Sugar 
in lot) ce. 
boluUoii. 

Temp. 

Knttttiou 
uf the pure 
tttiuenuH 
Mtilution, 

w. 

df-Mannitol 

3.160 

17 ® 

fi.a6» 

df-Sorbitol . s 

6.548 

11 

2 »(J 4 

rf-Perseit < . . 

i 7-361^ 

IS 

X .32 


NAiMtlt 

("I 

' 4.VI9 > -lA 11 

< 4I.H7 , • 4 » -IH 

• 4».77 ■ 4«.*i“ 


The behavior of rhamno.se is .somewhat different.* Thm 
body shows immediately after .solution in water a rotation u* 
the left, then after some hours a comstant right rotation wltirh 
has, for f= 6.319, the value [a]}? ~ + 9.750. Thia 
increased by addition of sodium or ammonium molybdate limit 
the salt added amounts to molecule for each molecule of 
rhamnose, and then remains unchanged with further addition 


1 Vignoii; Awn. chlm. phyi„ Ts], a, 433. 

3 Kleiuj Cotnpt. rend,, 484, 

is given for Sit® molecule of the salt, although the half weight of the ibove foramUi 


» Gernez; Rhamnose, Compt. rend., 119, 63, 
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Df the salts. The observed constant maximum rotation 
imounts to 

[a:] J5 = + 5^2,95°, for the sodium salt, 

[a 1 J® — + 19.91°! for the ammonium salt 

A satisfactory explanation for the occurrence of the number 
'2^ IS wanting. Possibly, as with borax, the molybdenum 
inters the sugar molecule. 


F. Multirotation. 


With a number of active substances the phenomenon is 
>bserved that the rotating power of a freshly prepared solution 
'haiiges on standing, undergoing either an increase or decrease 
iiitil finally a constant value is reached This behavior is 
;hown by 

I . A number of the sugars. 

2 Certain oxy-salts and their lactones. 

3 A few other substances 

I Multirotation of the Sugar's 
71. Preliminary Remarks. — In 1846 Dubrunfaut’ made the 
>bseivation that the rotation of an aqueous grape sugar solti- 
1011, prepared at the ordinary temperature, decreased to a cer- 
ain limit on standing The same behavior was noted in 1850 
)y Pasteur 111 a grape-sugar-sodium chloride solution, and this 
heniist established the fact that the beginning rotation is 
bout twice as great as the final constant rotation, a condition 
v^hich K. O Erdmann'* 111 1855 and Diibrunfaut^ 111 1856 veri- 
led with grape-sugar. The high beginning rotation was, there- 
ore, designated as birotation 

The phenomenon of decrease in rotation was noted by 
irdmaiiii in ordinary milk-sugar, and later the same behavior 
as been observed by Tollens and E. Fischer in many other 
arieties of sugars It has been recognized, however, that the 
alation of the beginning to the final rotation is not always 2:1, 
s with dextrose, but may be 1.6 i as in the case of milk- 
Ligar, or 1.46 : i as with galactose or 4.67 : i as observed with 

1 Dubrunfaut! Compt rend , aa* 4^ 

« Pasteur: Ann. chlm. phys., [ 3 ]* 3i» 95^ 

« lUrdmanu. Jahrcsberlcht, (1835). P 671. 

* Dubrunfaut: Compt rend,, 49, 228. 

17 
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xylose. Because of this it was suggested by Wheeler and 
Tollens^ in 1889 to change the first designation, birotahon^ into 
mulHroiaiion, 

. It was further observed by Schmbger^ in 1880 and also by 
E. O. Erdmann* that milk-sugar on dehydration changes into 
a modification which on re-solution shows a gradual increase in 
rotation and the same behavior was found with maltose by 
Meissl* in 1882. Schmoger describes this low rotation as 
half rotation. The terms greater rotation (Mehrdrehung) and 
less rotation (Wenigerdrehung) were later introduced by Parcus 
and Tollens® to describe the two kinds of rotation. 

A further advance was made in 1895 Tanret who found 
that in certain sugars, besides the known modifications, a and 
>3, of which the higher rotating, is transformed after solutioti 
into /3, a third modification, y, may be obtained which in 
solution is likewise transformed into /3 This is the case in 
the following bodies, the three forms of which with respect to 
their specific rotations, stand in the following order, 


Modification 

(labile) 

(Stable) ! 

(labile) 

(Sf-Glucose 

> -f X 05 ° 

+ S2.S° 

225® 

^-Galactose 

>+ 135 

+ 8i 

" + 52 

Milk-sugar 

>+88 

+ 55 

<+36 


The form a shows greater rotation and y less rotation ; 
there is then by the change of, a into ^ a decrease and, on the 
other hand, by the change of y into P an increase in the 
rotation 

The conditions with rhamnose are different. 

Modification a p y 

Rhamnose <; — 6® +9° > -|- 23® 

Here we find by the conversion of a into /H, first a decrease 
in the negative rotation, and then after passing a certain point 

1 Wheeler and Tolleiis Ann Chem (Ifiebig), 254, 3x2 

8 Schmdger' Ber. d chem Ges , 13, X915 

8 il^rdmann* Ber. d chem. Ges ,13, 2180 

•» Meissl J prakt Chem,, [3], 35, 122 

6 Parcus and Tollens Ann Chem (I^iebig), 357, 161 «. 
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of ituiedvity, citinmnoliirilibb totation, while the 

duing« of r into ft is accomfMualfi# % a decrease in rotation. 
The preparation of the three modifications oi the above sugars 
i* given in f 7a. 

The rapidity with which a labile modification of a sugar 
changcH into the stable form, increases in marked degree with 
rise in temperature. At the ordinary temperature a period of 
from s!x to twenty-four hours is usually required, but by boil- 
ing. the transformation is completed in a few minutes. This 
lielnivior was observed by Dubrunfaut with grape-sugar and 
with inilk-sugar. 

After solution of a labile sugar form in water the change 
liegiiiH immediately and it is not, therefore, possible to estab- 
lish the iK'gtnning rotation with accuracy. Several minutes 
must elapse lH*forc the observation of the liquid in the polari- 
MujH' tim etmnnenee. and with the greater rotating «-forms a 
Viihie M>iHcwh.it tts> low and with the lower rotating y-forms a 
\ .dm -sunew h.xt tt«) high is always found. An accurate result 
isnht.uned only fm the end product of the transformation, the 
si.iltie /I niiMiifu'.ition 

7i . RMume of the Sugars Showing Multirotation. — The follow- 
ing oliM'i vations were all earned out by allowing the transfor- 
tiMtion to pnseed iit the ordinary tennwraUire (usually 20°) 
I’ll St til the shortest jKissible time after preparation of the 
dilutions, the Is’ginnmg rotation was determined and later the 
Kiiisttini end lotiition, the time required to complete the change 
Iwing notetl The sjK*eifie nttntion.s given correspond to [«]/>■ 
and the eoiieciitnitnm, /, expre.s.se 8 the nnmber of grams of 
sttgiii III ii«i IX’. of solution.' 

I / . Imbimu, (two modifications) 

«( Drdiiiary crystallised arabinoM. 

This is obtained by precipitating a hot 
•tiiuium of the «r-fomi in an equal weight of water, by addition 
af »o purta of absolute alcohol. In the crystallized condition 
it U Hot aubie aiul reverts gradually to the ar-fotm.^ 

• M««r «tf lltf UnUi « dtmilly *nd jMire«ut»ae coinpo»mon !!«■»« been 

to lM« IWm tB cofTWiiMtd. 

« Uh 
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(rtwiTvetl f«»ri 9.7 5-/ i** 

o. l%8t rotation after 6.5 miinUfH 7 “ t, l»e«rr«^ 

/ 3 . Pinal rotation nfter 1.5 l»‘‘Hr« >»•<*'"* S* ' 

/*.(<• 13.H) i ioS“. ti i.St ’ JtM” tTanrrtl 

2. l-Xv/ost', (twti mmlilusitiuii- ' 

a-Modij^raiion, ordinary xylost*. 

^-Modification, not yet obtainwl innv, 1 ml mixed with , 
reverts to « iti solid condition. 

Observation i. 1 lo.i.tS. t *•' 


o. Pirst rotation afters minutes KSU' 1 l>r«*rr<»»** 

Ifinal rotation after 5 Uoui.h iK If ' % 

Obseivntion ». c 11.07,/ ju 

o Pirst rotation after 4.5 luinuteH ■ "h.b ‘ilk eiro*** 

/S. Ifinal rotation nfter a.s hours 194’' '*>1 


3. d-Glucose, C,Iliat)« ttliicv modifications) 

«-j^orf/>?ra//(j«.--t)rdinary form crystal!i/cd fiom w.dci «i 
mean room temperature as hydnitc, i H,0, 01 .»s 

anhydrous cry.stallized grape sugar from uUndiol or fiom w.iici 
at 30® to 35®. Immediately after solution, and lefeired to tl«- 
anhydride, [o'],, | 105®, then by change into fi, deeieus<-s 

to 52.5. 

^-Modification. This remains usually as an .imoiphntis 
hygi’oscopic ma.ss by evaporation of ili.ssolved «-glueosi-. It 
may be obtained in crystalline condition by evaporating on the 
water-bath, and .stirring constantly, di.ssolving llie lesitliu- 
dried at 98® in half its weight of cold water and uilding a hiritc 
amount of alcohol cooled to o® j or it may lie made by melt > 
ing «-gluco.se, cooling to too® and adding .some erystnln of 
^-glucose. It dissolves at 19® in half its weight of water and 
shows the constant rotation of | 52.5® (referred to C,n„0,). 
On evaporation of its aqueous solution it yields rr-gUlcowe. 
which, however, is only formed after cryatallizntion, aa the 
mother-liquor shows always the rotation of (8.* 

The y-Modification is formed when a concentrated aolutiott 

> ParcuB and ToUcn»i Ann. Chem. 9*7, 174. 

a Wheeler and Tollensi Ann. Chem. (I 4 ebig), 994, jii» 

« Parens and Tollens' Ann. Chem. (Weblg), 957, 175. 

* According to I^obry dc Bruyn and Alberda van l$ke»Kteiii ; Ber d, chtm. 
a®, 3Q8a. 



SUGARS SHOWING MUI^TIROTATION 


261 

of o'-glucose' is evaporated and the residiue heated for several 
hours to 1 10® The mass, which consists of ^ and y, is dis- 
solved in an equal weight of water and treated with a large 
volume of alcohol which precipitates the y-form first This 
form separates first also by recrystallizing from alcohol It 
requires for solution at 19®, three-fourths of its weight of 
water and shows a beginning rotation of + 22.5® (for C^H^Og) 
which, in consequence of change to the yS-modification increases 
gradually to 52.5® ^ 

The three forms exhibit the same depression of the freezing- 
point. 

Change of a mto /3. 

I. ^ 9 097, t ^ 20° 


a First rotation after 5 5 minutes . . . . 

• + 

105 2° "1 

Decrease 

Final rotation after 6 hours . 

-1 

525® 1 

52 7® 

2 c ~ 5 526, / 20°. 




a First rotation after 7 minutes . 

• 4 

1043° \ 

Decrease 

^ Final rotation after 7 hours 

• + 

526” i 

51 7® 

Change of y into ^ 




y First rotation (Tanret) 

.. f 

225“ 1 

Increase 

fi Final rotation 

+ 

525“ J 

30 0® 


d- Glucose Sodium Chloride, + NaCl (two modifica- 

tions) 

c - 10 46, containing o 90 CgHi/lg 

First rotation after 15 minutes (for CflH,. A) H 99 4° \ Decrease 

Final rotation after 20 hours j- 50.3°'*/ 49 i® 

) d-Gliico!s€0\ime, NOH (two modifications) 

{c 9,648) 

First rotation after 15 minutes — 5 4® Decrease 

Ihnal rotation after 18 hours — 2.2®* J 32® 

) d-Glucosephcnylhydrazone, (two modi- 

fications) 

(tf- 10) 

First rotation after lo minutes — 15.3® \ Increase 

Final rotation after 12-15 hours —*46.9®® / 3i 6® 

1 Tanret t Compt rend,, lao, 1060 
* Parcus and ToUens ; Ann. Chcm, (r^iebig), 257, 164, 

» Trey : Ztschr. phys. Client., aa, 438. 

^ Jacobi : Ber. d. chem. Ges., 94 , 697 
^ Jacobi : Ann. Cheat (Liebig), aya, 173 
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7. l-Glucose, C,H,jO, (two modifications} 

(c=4 179) 

First rotation after 7 minutes 94-5® 1 Decreane 

Final rotation after 7 hours 5i>4^' i 45<l° 

8, d-Galactose, C,H„ 0 , (three modifications) 
a-Modification. — Ordinary crystallized galactose. 
^-Modification. — This is obtained by dissolving the flf-form 

in i-J^ to 2 parts of boiling water and pouring the 
solution into eight times the volume of alcohol, stirring mean- 
while, which produces a crystalline precipitate. The conver- 
sion of a into is complete in strong solution only. It is .sol 
uble in 1.57 parts of water at 22°, and reverts into the ^r-fonn 
on crystalhzation from water. 

The y-Modification is said to be produced when a .solution of 
12 grams of a-galactose m 30 grams of water is treated with 
0.03 gram of sodium phosphate and a drop of dilute .sulphuric 
add, warmed on the water-bath a few minutes, then cooled, and 
gradually mixed with 240 cc, of absolute alcohol. On reiwat- 
mg the process several times the rotation of the product, iwob- 
ably still impure, could be reduced to 52,25®. In a<iueou.s 
solution at the ordinary temperature it is converted into ^ 
inside of two hours, while for conversion into a three tinie.s as 
long IS required.® 


9. 


Change of a mto B 

(c=io) 

« First rotation after 7 minutes I 117 1 nw.w.,.u.. 

^ Fmal rotation after 6 hours i So*®*} 17.1“ 

« First rotation (Tanret) i r,^ '/o , 

.. ) e,;, [. & i'irr 

Change of 7 into /3. 

7 First rotation after 5 minutes ( Tanretl 1 c.> .,0 t . 

Final rotation (Tanret) | ^ "‘jjr 

d-Galactoseoxime, C.H„0. NOH (two modifications). 

(c = 5.217) 

Krst rotation after lo minutes I ,-0 , ,, 

Final rotation ifter ao hours “‘foi } 

>E. Fischer Ber d chem Ges , 33, as,,, 

- Tanrct Bull Soc Chim , M, i*. iqc ^ 

3 Parcus and Tollens Ann Chem, (WeWg) 3.7 
* Jacobi Ber d chem Ges, 34, 698 ^ 
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d-Ma?inoseoxtme, CflHujOj.NOH (two modifications) 

(^ = 4.875) 

First rotation after 10 minutes + 7.5® -i Decrease 

Final rotation after 6 hours + 3*2® J ^*8° 

d-Fmctose^ I^evitlose, 
c ^ 10, / ~ 20° 

First rotation after 6 minutes — 104,0® \ Decrease 

Final rotation after 20 to 25 minutes — 92.3®* J 11.7® 

Final rotation — 90.2°“ 

Final rotation — 90.7®^ 

Rhamnose, isodulciie, hydrate^ (three 

modifications) 

it-Modi^rafmi , — Ordinary rhamnose, crystallized from water, 
hydrate dissolved in water it shows a beginning rotation of 
5® to — 7° (referred to CaHigOg), then, by conversion into 
>Ci-forni, a decrease and afterwards a change to increasing 
lit rotation which reaches about + 10®. 

U Modification . — For the preparation of this i part of the 
onn IS dissolved 111 ^ part of boiling water and then mixed 
h 5 parts of absolute alcohol and 5 parts of ether. The 
t crystalline precipitate which separates is n'-rhamnose; 

I is removed and a new portion of ether is added, which 
Dws down the ^-form, with which, however, a small amount 
the y 4 orm with lower rotation may be mixed. The^S-form 
stallizes with ^ molecule of water in fine needles. It 
acts moisture from the air and reverts into the nr-form. In 
eous solution it shows the constant right rotation of + 9.1® 
0.1° or even 12 7°, referred to ® 

’’Modification — This is produced from the /^-rhamnose 
m it IS dried in a desiccator, and then heated for several 
rs to 90®. On crystallizing, it reverts to the n'-form It 
ins^with a rotation of +22.8°, which gradually sinks to 
lit 4 10® through conversion into the ^-form.® 

Jacobi' Ber. tl chem, Ges., 24, 699. 

Parous ami ToUens: Aim, Chera. (Liebig), 357, 166 
Juiigfleisch and GHmbert: Compt. rend., 107, 390 
HiJiiig and Jesser. Wien. Akad., Ber„ 97, II, 547 * 

Tanret; Bull. Soc. Chirn., (3), 15, aoa. 

Tnnret ; /-cc, cil. 
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Change of <t into 

Hydrate dissolved in water Calculated for h* 


I ^ = 10, ^ -- 20®, 

a First rotation after 5.5 minutes . . 
p Final rotation after 66 minutes • « • 
2. c = 9.08, ordinary temperature. 

a First rotation after i minute 

p Final rotation after i hour 


s'' \l)eciraiw^«ntl 
I 9.4 ’ I t 4 . 4 ^ 


5.^^® 1 atnl 

f 9.2®*’ I increase 14.^ ‘ 


3, ^ — 5 and xo, t 13 

a First rotation after 10.5 minutes 7 ** Hlewnine und 

p Final rotation after i hour i 9 ‘J‘ ^ ineicitHt* n .2 

Rhamnose anhydride dissolved in water 0 y-.s ) .sli»ws at 
once the constant rotation -( 8.7 (^-form)/ 

Change of 7 into p. 

7 First rotation t 

jS Final rotation after i 5 hours i u».CM 7 

With alcohol as solvent different rotations are fouutl. Jactdu 


{loc at,) gives the following observations: 


I Hydrate, dissolved in alcohol, c 

7,67. 

First rotation, after 15 minutes (for CaHiaO,-,) 

12.6® 1 1)tH*i 

Final rotation after 16 hours “ " 

lO.O® ) 2 h 

2 Anhydride dissolved in alcohol, c 

7 * 5 ’ 


First rotation after 5 minutes (for CgHviOr,) • • 1 3 4 ° I Decrivist* and 
Final rotation after 24 hours “ “ - 9 -^^® * incrruse U 4 


For the explanation of the phenomenon that the hydrate 
and anhydride of rhamnose show a rotation in alcohol «>piiosed 
to that in water see § 64. 


Rhamnoseoxime^ CgHi304.N0H (two modificatit^ns) 

r ^ 9 863, ordinary temperature 

First rotation after 10 minutes | 6.1® llncrenHv 

Final rotation after 20 hours f 13.6®*' > 7.5^^ 


14. Fucose^ C^HjjjOg (two modifications) 

c — 6,916, i — 20^. ^ 

First rotation after ii minutes - 111.8^’ \ Decrease 

Final rotation after 2 hours ~ 77.o^M 34*8“' 

1 Schnelle and Tollens * Ann. Chem. (Uebig), a7i( 63, 

- Jacobi’ Ann Cbem (Iviebig), ayj, 176, 

^ Tanret Xj)c cti 

^ Jacobi Ann Cheni (lyiebig), 272, 177 
& Jacobi Bcr. d cbem. Geb , 34, 698. 

« Gunther and Tollens Ann Chem (nleblg), 371, 90. 
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Kkanmoktxose, C,H.,0« (two modifications) 

c 10 , / 

irat rotntiott after \ hour 82.9° ^ Decreas^^ 

iuat rotation after 12 hours 61.4®^ ) ax 5° 

d'-Afanno/teptose^ (two modifications) 

c 10. 14 ordinary temperature. 

irat rotntiott after lominutes 4 85.1° t> 

innl rotation after 24 hours j 68.6°* j ^^5^^ 

tx^(iliuohepi0$(\ (two modifications) 

( 10, t 20 . 

irst rotation after 15 miiiulea ,5.0° | Decrease 

inal nUiition after some hours - ] 5 30 

f^-Cflutoti&sr, H- 2 Kfi (two modifications) 

( 6.6 17, disHolved ut 50° and cooled 

imrotttlimi 614'’ 1 Decrease 

inal toliition after 6 hours 43 9 *^ ' f 175^ 

(three modifications) 


Uodf/ua/ftnf — ( )i ciinury crystallized milk-sugar, Cj^Hg^O,, + 
This exhibits n beginning rotation of 87° (anhydrous) 
n a<jnetms solution is changed into the ^-form/ 
Ifodijitafwi This uuiy be obtained from a and yS, and is 
L*<1 in crystalline form, C„Hg.gO,i + 1/2 H^O, by adding 
or four volumes of ab.solute alcohol to the warm concen- 
l solutiim of either of the.se “ 


e y-ft)rm is olitained hy rapidly evaporating a solution of 
r three grams of /r-milk-sugar in 10 cc, of water to dry- 
11 a phitiuum-tUsh on a water-bath, and drying the resi- 
t to complete loss of the water of crystallization 
y also lie obtained by rapidly boiling down a solution of 
ary milk-sugar in a metallic vessel, when suddenly the 
j litjuid solidifies to a mass of small' porous anhydrous 
ils," Pure anhydrous crystals may be secured by repeated 

iii*h«r Hiid Pitoty; d. «licm. Och., 93, 3103 

wflivt tttid Pttiwmore, Her. d. chem. Ces., 93, 9330. 

MTheri Ann. Chem. (Uehig), 970, 73 * 

«i*h«f Ann. Ch!«m» cU«big), 979, 97. 

rdituum and OchmSger . Ber. d. chem. Oes., 13, 1933. 

inr«t' Mutt SfierChim , (3}, I 3 « 635. 

htndger Her d Oe«in 13^ 

Hlittenn Her. d. chem. 0«»., 13, ^ ^ 
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crystallization from anhydrous alcohol (Tanret), The firat 
rotation 13 + 36,2°, which increases to that of the /J-form. 

The three forms show the same freezing-point depresaion. 

If ordinary powdered milk-sugar is dehydrated at 130*^, the 
residue shows the rotation phenomena of the of-foriu. 

Change of a into /tf 


I. 7.5 (hydrate), / = 20®. 





Cftknilfttcd for 




Ci 5 |Hj,j(C)h. 


a First rotation after 4 minutes • . 

1 84,0 

t 88 . 4 “ ) 


^ Final rotation after 6 hours • . . . 

1 52.5 

: S 5 .. 3 “' ' 

. 3 . 1 .*“ 

2. <7 = 4841 (hydrate), t 20® 




a First rotation after 8 minutes. 

1 82.9® 

‘ 87.3* 1 

liccreiijit* 

^ Final rotation after 24 hours.. 

1 S *-5 

* 55.3“’' ' 

32,0"^ 

Change of y into i 9 . 



^ = 7 07 , 7 72 ; ordinary temperature. 



y First rotation | 

1 344 '’ 

i .36.a*» 1 

InmiiHt* 

Final rotation after 24 hours ... | 

52.45 

1 55 . 2 ®“ 1 

19.41“ 


20. Maltose^ (two modifications) ; hydrate, 

CiaHj^Oj, + HjO 

I. = 14 to 19 (anhydride) / - 15°. 

for LVjlIajOjp 

Rrst rotation after 4 minutes. . |- rsa.o to 184.8'* | Inwaiw 

Final rotation after 12 hours j 138.30'! ,^.30 

2 <: =; 9,2 to 9 8 (anhydride), t - ao®. 

First rotation after 6 to 12 minutes ( xi8,8 to \ IiuTeane 

Final rotation after 5 to 9 hours f 136,8 to 137.0®*! 

The absence of multirotation has been shown for inositc, 
^rbin levosin, ethyl glucoside, methyl and ethyl Kfllaeto.sidcs. 
benzyl arabinoside, and the phenyl hydrazonas of galactose and 

TrlSltTlTirkco ' 


73. Rate of Chang^e in Rotation. — ^Urech" 
that the Wilhelmyvelocity formula for 
order, 


was the first to .show 
reactions of the first 


dt ~ ^ C ■*) I 

J SchmOger Her. d. ch«n Oes , 13, 193,, 

3 Toltens Ann. Chem (Mebig), 337, 170 

MmssI j piakt Chem., (a) 35, laa. 

‘ ftircroandToUens. Ann Chem. (Ueblgl, 337, wa 

reeh Ber. d chem Ges . n, 3370 (.883) | ,7, 1 , 1347 ! IS, H, ,o„. 


U' 
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aM' 

appUtuble to the ouw of the dM»f« ol rc^Atioii ia xoQk-stqpr 
4 xrAiH!-»ugRr. New end carefal kveitigttioiui witih refei> 
oe to dextruHr h«ve been (aoried oat by Levy' and by 
vy.' In conMderaticm of the fact that the actuid beginning 
,Bti»m i» a tituintity which can never be accurately deter- 
nvil here, the first of these ofcwervers changed the formula 
'ti in t'ttleultttiiiK the constant, C, 



vhii'h are the nitatiunH corresponding to the times /,/„ 
V» represents the wmstant final rotation.* 
n thtiHttation the fulhiwing sericH of oliservations by Levy 
. lie K«ven 


Mrts .Snl.fTKiS «tr \i>OIVt)H<UN DKXTKOHK OK J.SilJ I’MR CKNT 
>fSI Xl.TII ,/f t 1IU4. rKMI'KRATOUK, W.S® To ao. 9 ®. 


»ii»r a* 
Het 


f0«arfvr4 rtlllflP 
tit 

« ltl« 




IfiniHprittMrr i 


Cunninnl C, 
funnuln It, 


/ 



47 KA.t” 

tJ 

JKI 9® 1 


/ 

V 

fl 


% 

ao.9 

o.(k )649 

i 

w 

p, 

»r> «so 

so 

ao.9 

0.007x9 





»5 

90 . K 

o.cx>644 



a. 

44 '<47 

ao 

3«* 7 

0.00669 

A 


P, 

44 »«s» 

^5 

2 HI.6 

0.00653 

f 

s% 

P 

4J»VS 

.v» 

30.5 

tt.cK)636 



P, 

4t |M» 

.« 

30.5 

o.tx>677 

h 


P, 

44 797 

40 

aci.5 

0.00656 



P, 

4t t7t 

45 

ao.5 

o.t)o6H7 

i. 

IS 

P, 

4rK37 

5« 

90.5 

0.00674 

h 


P, 

4^.4^4 

55 

90.5 

0,00671 


H 

P, 

ti uHH 

6 p 

90.5 

0,0067s 


* 

46.69* 1 

i 

{ 

Mtan 

0.0066a 

wrf 


. tv. |M 





nrjr /M . f il«« 4i4* ^ ^ 

Iw mm* IwMit wwe»ri««d MMawlaa MirUtr bjr F. Th. MWtri CenjX. rwd., 

* 
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From fifteen series of experiments made at a nearly constant 
temperature of 20®, Levy found that for strengths of i to 5 
per cent., the constant, C, is independent of the concentration. 
With increasing temperature, the value increases. It was 
found in the mean, that for 

about 20. 10^ C = 0.006 10 
20.25® 0,00637. 

Effect of Added Substances on the Velocity of Tra 7 isformation 
The decrease in the rotation of aqueous dextrose solutions 
with the time, is sometimes hastened and sometimes retarded 
by the presence of other substances, such as acids, alkalies 
or salts, and the behavior of these bodies appears to be a cata- 
lytic one. Numerous investigations by Levy and Trey have 
shown the following facts . 

a. Bodies Which Hasten the Change 
I Acids. — The effect of these was first noticed by Erdmann* 
in the case of milk-sugar. According to Levy,* the velocity 
constant, C, (formula II) assumes the following values when 
dilute acids containing fo tke liter were employed as 

solvents 



C 

Temperature 

Relative 

acceleration 

Water 

0 00610 

20 I 


Water 

000637 

20.25 

• 

Hydrochlonc acid- -- 

V 

0.02300 

20.25 

100 

Nitnc acid 

0 02283 

20.1 

98.99 

Trichloracetic acid - 

0 02325 

20 25 

96 67 

Sulphuric aad-. . - 

0 01886 

20 0 

71.95 

Dichloracetic acid - - • 

0 01670 

20 2 

62.41 

Monochloracetic acid 

0 01004 

20.25 

17.25 

Acetic acid 

0 00716 

20 2 

4.70 

Propionic acid 

0.00636 

19 8 

1.63 


It appears, therefore, that in their accelerating behavior, 
the acids stand in the order of their affinity coefficients, as 

1 l^rdmaun Jahrcsber , 1855, p 671 

2 I^evy Loc cit , p 301 
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measured by electrical conductivity^ the catalysis of methyl 
acetate or by their power of inverting cane-sugar. 

Trey’^ came to the same conclusion in experiments on the 
action of hydrochloric, sulphuric, oxalic, and cacodylic acids. 
But, on the other hand, he found a retarding effect with acetic 
and propionic acids. 

The value of the constant, C, increases as a matter of 
course, with the strength of the acid. For example, with 
normal hydrochloric acid, the value is C — - 0.00971, 

2. Bases , — These bring about an enormous acceleration in 
the velocity of transformation of all sugars, so that in a very 
few minutes, or immediately after the addition of the base, the 
normal end rotation is reached. This was first noticed by 
Ureclr’ in the case of milk-sugar and ammonia, and he found 
also that in time, the rotation sinks still lower, which may be 
accounted tor by a chemical change in the sugar 

The action of ammonia on different sugars has been 
thoroughly investigated by Schulze and Tollens ^ They found 
that by application of o r per cent ammonia, after 5 to 10 
minutes, even, the normal lower rotation is reached with 
dextrose, xylo.se, arabiiiose, galactose, rhamnose, levulose, and 
ordinary milk-sugar Tins was found to be the case with 
y-milk-sugar and maltose also, from which it is seen that not 
only the higher, but the lower rotation as well, is destroyed 
immediately. Schulze and Tollens obseiwed, for example, 
the following changes 


Xylose 


[«]/. 


Maltose hydrate 


In water constant |- 18.7® In water constant 


In ammo- 
tiia of 20.4 
per cent. 
d 0.924 


After lo mm. H* 
After I day -f ir.o 
After 3 days -I- 5.7 
After 5 days - 5,9 


Xu ammo- 
nia of 20.4 
per cent. 


+ 130° 

After 10 nun + 126 i 
After 7i hours -f 123 9 
After I day + 118 i 


In the samemannerTrey'foundinasolution, which contained 
in 100 cc,, 2.2$ grams of dextrose anhydride and 0.085 NH,, 

1 Trey : Ztschr. phys. Chem , i8, aos { 448, 

* UrechJ Iter, d, chem. Ges,, 15, 2133 (1883). 

» Urech ; 17* *545- 

^ Schuhe Attd ToUeas; Ann, Chem. (I^lehig), 49* 

» Trey: Ztschr. phys, aa, 439* ' ^ 
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After IS mill. \oc\n S*-* ("wwalJ 
After 24 hours ■ 49,6 

After 65 days f 44.9 

The alkali hydroxides have an equally .strong action : by 
means of 7^ normal potassium hydroxide .solution the final 
rotation in dextrose is reached almost instantly. With greater 
concentration, a further progressive decrease {.soliserved which 
may even pass into left rotation. Thus, Trey‘ found in a 
solution containing in 100 cc. 2,25 grains of dextrose, and <* i 
gram of sodium hydroxide, the following .sixscific rotations 


After 15 minutes [«]/» 

i 52.7(nonmUi 

“ 24 hours 

[«]o 

i 36.7 

48 “ 

[“]/> 

} 36 *«> 

“ 34 days 

[«]/• 

{ 15 ’ J 

“ 65 “ 

W/. 

0.4 


It is evident that some chemical change takes phuv hcic 
As IvObryde Bruyn and Alberda van Kkcnslcin' have observed, 
the reciprocal convension of dextrose, levulose, anil mannose 
into eacli other by the catalytic action of small amounts of 
alkali is possible. 

It is only with very weak lauses that the fall in the midu 
rotation may Ije quantitatively followed. This was done iii a 
dextrose solution containing urea with which I,cvy' found the 
following values for the velocity constant, T (formula II 1 

Urea 111 solulioit ■! '■ f at alHiui j 

^ 5 cent, : C o.t)0749 wlniul Jt* m * 

These numbers are but little largerthan given almvc for laire 
water. * 


3 Salts.— all, with tlie exception of Hodium chloride 
have an accelerating action on the fall of rotation in dextronv 
Saks with an alkaline reaction bring alxmt the normal end 
rotation within a few minutes. This i.s the case with sodiiiiti 

JowSed'^ti i •’ tto further decreiwe 

IS ob^rved , this salt is therefore .suitable for quickly deiitmy- 

mg the multirotation. Potassium cyanide aometimea producM 
a marked decrease below the normal end value (Trey).‘ 

^ Trey • Zoc, c%i,^ p, 438, * 
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Salts with a neutral reaction cause a slower decrease in the 
ultirotation, so that the conversion may be followed and meas- 
ed. I^evy' found the velocity constant C (formula II), for 
‘xtrose in the presence of the following salts : 


Pure water 

C 

000610 

0.00844 

Temp, 

Sodium sulphate, anhydrous, 10 per cent. . . 

20.0 

Sodium sulphate, anhydrous, 5 per cent. . . 

0.00800 

20.2 

Sodium acetate, 10 per cent 

0.03897 

20 I 


According to Levy, the action of these salts depend on this, 
at through partial hydrolysis, sodium hydroxide is formed 
liich brings about the acceleration This hydrolysis takes 
ace to a greater extent with sodium acetate, than with the 
Iphate, and this explains its much stronger effect 
Trey has demonstrated the accelerating action of the follow- 
5 salts on the fall of rotation in dextrose “ 


Sodiiiiu bicarbonate, 
Potassium nitrate 
Potassium iodide, 
Atnnionuini chloride, 
Ammoiiiuiii thiocyanate, 
Barium chloride. 


Magnesium chloride, 
Magnesium sulphate, 
Aluminum chlonde, 
Cadmium iodide. 
Lead acetate, 
Mercuric chlonde. 


Trey found also that sodium sulphate lessens the effect of 
Ipliunc acid 


BodiesWhich Retard the Change 
j Sodmm Chloride — Ihe behavior of this salt, different 
•m that of all others, was first noticed by Levy* who found 
i following values for the constant C (by formula II), 


lich are smaller than that for water : 

Dextrose solution C Temp, 

In pure water 0.00610 20 i'’ 

III 10 per cent, sodium chloride 00533 20 o 

In 5 per cent, sodium chloride 0.00586 20 2 


Trey* confirmed this retarding action of common salt by 
■ following series of observations, in which the changes in , 
' specific rotation of dextrose with the time of standing were 
md: 


I^evy ; txfC, ciU 

» Trey! Ztschr. phy». Cbcm., 33 * 499 * ^ r , 

> I^evy , /Wrf., 17, 390. ' ' t S 

I Trey . /Jirf., 33, 4991 
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1 

I" Dextrose 

2 350 




XJ ■ 

t Nad 

0 

0 2925 

0 

0 39as 

j 

1 17 « 

me, 

Smin 

102.7^ 

, 

100.0° 

, t 

f 

.. 1 


me, 

IS min 

95-6 

96 0® 

94*2 

96.8° 

97..^® 1 

9 M® 

me, 25 mill. 

87.3 

90.0 ! 

864 

89.6 

«99 1 

89.7 

me, 


82. 2 

84.4 

80.2 

« 3 .a 

« 3.7 


me, 45 mm. 

78 2 

804 

74 6 

i 77*9 

78.5 ! 

7K.1 

ime, 55 min 

744 

767 

69.9 

73*1 

7 . 3.2 ! 

7 .V 6 

ime, 65 min 

72.2 

74.9 

66.2 

69,4 

69.6 j 

70.7 

ime, 

CO 

50 7° 

SI I® 

50.8° 

51.1° 

51.7" 1 

52.2“ 


In presence of common salt the decrease in the rolatitm 
dHows more slowly than in pure water. It is seen also that a 
ariation in the amount of .salt i.s of little imiJortance. An 
xplanation of this peculiar behavior of the .salt is wholly 
ackiDg 

2 Alcohols and Other Organic Substattces. —hcvy nhlahml, 
iccording to formula II, lower values for the constant, c] 
with solutions of dextrose in aqiteous ethyl alcohol than iii 
Dure water. 


Pure water. 


In I liter . . 




Tfiuji 

Vio tnol. alcohol 

o<K) 5 ss 

20, 1 

20 .i^ 

Vb mol alcohol 

• • • • 0,00521 

20.0 

I mol. alcohol 

• *.* 0.00510 



In aqueous methyl alcohol, the retarding action of which 
had been already observed by Dirbjunfant,' Trcy^ found that 
t e d^rease in the rotation takes place .somewhat more nipiilly 
tha.n in ethyl alcohol. - ^ 

Solutions of dextrose in pure methyl alcohol show like- 

decrea.se in the .same may be 
retarded by addition of other organic .substances. Trey“ found 

solutwnr*^ ^ 


^ Dubrunfaut Compt, rend 
2 Trey Ztschr phys Chem 
* Trey Ibtd , 17, aoo 


4a, 328 (1856) 

» I7» 300 
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In 100 cc of the methyl alcohol solution C 

1*0775 gram dextrose 4.95 

1.02*10 “ “ + 0.1525 gram phenol 2.54 


09615 “ “ +0.1543 “ naphthalene...^. . 1.77 

0.8504 “ “ 02725 “ diphenylaraine . . . . i.ii 

08495 “ “ +03072 ** succinamide 085 

Finally, a retardation in the decrease in rotation in aqueous 
lextrose solutions has been noticed on addition of acetone and 
ilso of cane-sugar (Trey) ^ 

74. Cause of Multirotation of the Sugars. — On this point, the 
ollowing views have been advanced • 

1 The change in the rotation may depend on this, that in 
he original freshly prepared solution, molecular aggregations 
crystal molecules) of active fofm may exist, which gradually 
)reak down into molecules of lower rotation (Taiidolt,® 
^ribram,** Hammerschmidt,’^ Wyrouboif) ® 

By cryoscopic methods, as already explained in § 63, these 
Lggregations cannot be shown, because they no longer exist 
n dilute solutions 

2 With dextrose, which shoves multirotation as an anhy- 

Inde as well as hydrate, the fall in rotation may be due to the 
aking up, or splitting off, of water. This view which was 
wrought forward years ago by Erdmann® and B^champ,^ and 
ater abandoned by its authors has recently come to light again 
5 Fischer'" is of the opinion that anh5’drous grape-sugar dis- 
olves first as (with high rotation) and is gradually 

ransformed into the hydrate or heptahydric alcohol, 

with lower rotation) According to Jacobi,® this view is 
onfirmed by the fact, that 111 birotating glucose anhydride 
olutioiis, the formation of the phenyl hydrazone takes place 
nore rapidly than in the lower rotating solutions On the 

1 Trey Ztschr pliys Chem , aa, 450, 456 
I^aiidolt “Opti‘?chesDrehwugsverm6gen,'* ist ed (1879), p 58 
** Pribram Wieu Monatslieft, 9, 401 
* Haminerschmidt ; Ztschr f Rhbenzucker-Ind , 40, 939 
*> WyroubofF Compt reud , 115, 832 
« Krdmauu Jahresbencht, (1855), p 672 
T B6champ Ibtd , (1856), p. 639, 640, Compt tend , 4a, 640, 896 
» n Fischer * Ber d chem Oes , aa, 2626 
“ Jacobi Ann Chem (Uebig), aya, 179 
18 
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Other hand, Tollens' assuinwl that the tmhydrklc «n «iivi«lvmt 
is transformed ininiediately into the hydrate twuh high 
rotation), as evolution of heat ft»llows, am! that then gradually . 
in solution, a reformation of the unhydriile i with low roialion ) 
takes place. Such a reaction i.^, however, therm*HlM»iM»»ealU 
impossible. With dextrose hydrate, whieh dlHM»^ve^ wilhowt 
liberation of heat, the hijfh rotation of the uiu'hnngwl et»ni 
pound urhich at first appears, ami the ileereUM* m the tololim*, 
would both have to he juscribed to the KStuhiul foiimition nf 
anhydride. 

Arrhenius,* and also Brown and Mtirris ’ linve fomnl that 
birotating and normally rotating dextrose soliitnam au- ii\f» 
scopically identical. But thi.s olwervation d<K*s not tletnlr ihr 
question as to the presence of hydrate or aiihvdiide in si»}hihiii 
because the difference between the freezing jmim ilepu ssi*.ns 
of the two would be so .small as to fall within the Iiimi' «•! 
errors of experiment. 


3 The differences in rotation of mnUiitii.uing siigus 111.1% 
be due to the exi.slence of different istmu'jH' nuMltlD .iIimiis 
which, in solution, are gradually tran.sfonned iiilo uuh ..tliri 

Such an assumption was made asearlvus isso In liidni.tnit ' 
Dubrunfaut," and also by BiJchamp," ami with the umlri 
standing that of the different niodifiealions, om* m %‘nst<diiti< 
and the others amorphous. But since then, as espl.uin-il in 
§§ 71 and 72, Tanret has succeeded in obtaining llhe w*i mi 
three different rotating fornm of .several sugars in »-n«i,dli«i- 
condition, and in showing the equality in their inMlr.iilai 
weights, and also their reciprocal convertiliiht) Tlirr«- 
remams. therefore, only the question as to the eonstitnlion ,*f 
these isomers, and on this point van'! Hoff* cttllwl nttemUni 
(1894) to the clue which may be found in the atialogy existing 
between the s„gars atidlhe rotating lactoncfonoing adds. 
gluconic acid, arabouic acid, saccharic acid, and othem. Wlili 

* Tollens Ber, d. ohem, Oes., ad, 1799. 

Arrhenius s ztsclir phys, Ohem., a, saa {1888). 

4 Morris i Chem. News, 57, 196 0888), 

^^^^Srdninnn. jnhresbericht, (,8„), 67a, eh.«, Ome, 

'van-tHoff 
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ise latter, as will be explained in § 75, the increase in rota- 
n, which follows on vSolution in water, depends on the 
mation of their lactones, which possess a cyclic constitution, 
i the other hand, a decrease in rotation results when the 
tones are changed into the acids, with destruction of the 
g formation. According to this, for example, of the two 
edifications of xylose the higher rotating might have the 
mula 

CH,OH— CH— (CH.OH).,— CH.OH, 

! o ^ 

i the change into the lower rotating form might depend on 
i conversion into a body of this structure, 

CH,OH— (CH OH) — CHO. 

P'urther, it was observed simultaneously by E von Lipp- 
nn’ and by Lobry de Bruyn and Alberda van Ekenstem* 
Lt ill regard to the three differently rotating fl?-glucoses, the 
uiiiption of the ethylene oxide constitution of the same pro- 
ies for two stereoisomeric fornivS, and that the third or 
ehyde structure may also appear 

Millie it IS true that the proof of which constitution must 
ascribed to each of the three forms of glucose, etc , is as 
a very difficult question, we may now consider this much 
established, that the cause of the multirotation m the sugars 
:o be found in the transformations of their different isomeric 
idifications. ‘ 

//. Mnltirotation of Oxy- Acids and Their Lactones, * 

^5. Ill 1873 Wislicenus*^ made the observation that the 
ating power of rf-lactic acid, in aqueous solution, is gradu- 
7 changed at the ordinary temperature, and he found the 
ise of this to lie in the slow hydration of anhydrous mole- 
es which were contained in the solution. The same behavior 
s later noticed, especially by Tollens, xn other oxy-acids, as 
•charic acid, gluconic acid, rhamnomc acid and others, and 

1 E. V. I^lppmann: Ber. d. chem. Gc»., 39, 903, “Chemie der Zuckerarten,” (1895)^ 
30, 990* 99a- - „ . « ^ 

* l^bry de Bruyn and Alberda van Ekenstein. Ber d, chem Ges,, aS, 3081 (1895). 
» See a recent paper by Brown and Pickering (J. Chem Soc„ 71, 769) on thjs 
iMt > 

< Wielicenua; Ann. Cbcm. (x: 4 eWg), 30a* . ^ n 


*■ ’ 
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also in their lactones. The latter have always a markedly 
greater rotation than the corresponding adds, and if the 
lactones are dissolved in water there is found a progressive 
decrease in the rotation until a constant value is fmally 
reached If, on the other hand, fresh solutions of the 
adds are made by using salts of the same and hydrochloric 
addin addition, then a gradual fall of the rotation may be 
observed, and finally the same value is reached as is obtained 
by starting with the lactone. 

The cause of the phenomenon is found in this fact, that in 
aqueous solution, both the acid and its lactone suffer a redpro- 
cal decomposition which goes on very slowly and continues 
until a condition of equilibrium is reached when the liquitl con- 
tains both substances in definite proportions. This ratio 
varies with the temperature, and in such a manner that witli 
elevation of temperature there is an increa.se of the lactone 
molecules, and therefore of the rotation. On c<ioling, the 
rotation decreases to its former value. 

The velodty relations in the conversion of the oxy-salts into 
their lactones, and the reverse, have been studied e.sjiecially by 
P Henry* who made use of 


y-oxybutyric acid and liu'loDf 

CH,OH— (CHJ,— COOH , -CO 

^ O I 

7-oxyvaleric acid and liictnnr 

CH,— CH.OH—CCHJ,— COOH CII, CII-~(CII,), CO 

' o I 

in which case by titrations the following relations were found : 


a. The transformation of the oxy-acid.s into luclone.s i.s 
hastened by addition of acids, which act catalytically. The 
veloaty is expressed by the equation correspoudiug to a 
reaction of the first order. 


dx 

'di 


C(A-x), 


in which A represents the original amount of oxy-acitl. x the 
amount of lactone formed in the lime, and C the constant 
of the reaction. It was found that different acids added act 

«>< 96 {1B93). Bee M. iilelt a-r d 

em. Ges . *4, 1^6 (iSg,) . 0„„o colUn i ZKwhr. phyii. Chetn., 10, Jjo ‘ ’ 
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with an. intensity proportional to their afiSlnity coejfficients-. 
;^-Oxybutyric acid is transformed only partially, but with 
y-oxyvaleric acid the reaction is complete. 

d. In the case of spontaneous transformation of the oxy- 
acids into lactones, the relations observed correspond to the 
assumption that the oxy-acid still remaining, at any moment, 
can accelerate its own conversion ; that is, autocatalysis comes 
into play. The above formula no longer holds good, since in 
this case the velocity of the reaction is proportional to the 
amount of acid not dissociated, that is to C(A —x)y con- 
sidered as an indifferent body, and also to the dissociated, cata- 
lytically acting acid, which at any moment is equal to 
y(A ~—x)y where is a certain function which expresses the 
number of H-ions The complete expression for the velocity 
is given then by the equation obtaining for a reaction of the 
second order, 

^^CHA-xy, 


which wavS found to give values for C in accord with the 
results of experiment For the derivation of y the original 
paper must be consulted.^ 


r Addition of bases to the solution of the lactone hastens 
the conversion of the latter into acid When the two bodies 
are mixed in equivalent proportions the velocity of the reaction 
corresponds to the equation, 
dx 


dt 


- C^A—xY 


It was found that the activity of the bases is proportional to 
the intensity of their basic character 

Observations — On the inultirotation of oxy- acids and 
lactones the most important results are, in the main, the follow- 
ing, and among these, those concerning saccharic acid are 
given first, because here the condition of equilibrium referred 
to above is most clearly discerned {c = concentration in 100 
cc.).* 

1 See alsoK. Jahn i “Gruudriss der mectroclieinie,” (1895), p 118, 
a In the calculation of the specific rotation of the several solutions, which contain 
acid and lactone at the same time, it is necessary to express the concentration in terms 
of either one or the other In each case it is stated to which bodies the numbers 
given refer. 
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I . d-Saccharic acid , ^ 

Acad ammonium salt with HCl, 


c = 4 634 acid 

= ^ 237 lactone 

[«]/> 

Beginning 

+ 9-1° 

After I day.... 


“ 2 days . . 


“ 4 “ .. 


“ 5 “ 


“ 6 “ .. 

17.2 

“ 8 “ ... 

18.S 

“ 12 “ .. 

20 5 

“ 14 “ .• 

20 8 

“ 29 .. 

22.7 


Calculated 
for CgHj^Oy 


Saccharic acid lactone, 

C.HA. 


Weighed directly 
f 10 213 lactone 

M;. 


Beginning 

+ 37-9“ 

After 4 days 

323 

“ 6 “ 

305 

“ II “ 

26.3 

“ 13 “ 

24.9 

“ 17 “ .... 

.... 24 I 

“ 24 “ 

.... 23 2 

“ 27 “ 

23 I 

“ 31 “ . ... 

.... 22.9 

“ 35 

... 229 

“ 39 “ 

.... 228 

56 “ •••• 

. .. 22.5 


Calculated for C«HhO, 


With norisosaccharic acid, CgH,oOH, and isosacchanc acid, 
CgHgO^, almost the same rotation is likewise found after warm- 
ing the solutions ( + '49 to + 52) ^ 


2. Rhamnonic acid, 

CgHjjjOg 

btroiitmin salt and HCl 
r = 6 2c»4 acid 


Rhamnonic acid lactone 

CgHigOg. 

Weighed directly 
c: = 5 6S0 lactone = 5 ^ acid 

[«]z. 

After 10 minutes .... 

0 

1 

At once 

‘ ”“34-3° 

“ 18 “ 

II r 

After I day. ... 

34 3 

“ 33 “ 

158 

“ 2 days 

33 7 

“ 2 hours 

27.9 

“ 3 “ 

33 7 

“ 3i “ 

293 

“ 1 hour heated. 

34-8 

“ 3 days 

Cl I. 11 

5 

Heated \ hour at-k 

100® and cooled J 

After I day 

“ 3 days 

“ 5 “ 

294 

29 2 

34.3 

307 

30.1 

30.1 

“ 3 days . .. . 

34 0 

Calculated 
for CgHjgOg. 


Calculated for CfiHiaOg 


It appears, therefore, that in the condition of equilibrium 
the liquid contains mainly the lactone, and that probably the 
latter is not transformed into the acid at all.” 

^ Sohst and Tollens Ann Chein (niebig), 345, xo, X2 
“ /fiemann : Ber d chem Ges , 37, 137 

* Schnelle and Tollens : Ann Chem. (niehig), 2171, 72 f. 
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3. d-Glnconic acid^ 

C„H,, 0 ,. 

Calcium salt with oxalic acid, 

^ 

At the beginning. . .. —1.74® 

After 14 to 21 days.. . -f" 10 to 12 

Heated to 100° f- 23 4 

After cooling 1 10 to 12 

Calculated for 


Ghiconic acid lactone^ 

r — 7 5 lactone 

[a]/. 

After 10 minutes + 55 9 ® 

“ I day + 47 6 

“ 3 days 4 44.0 

“ 8 days + 36 o 

“ II days +336 

“ 47 days + 18 9 

Calculated for 


The conversion of the lactone into the acid takes place, there- 
fore, very slowly and after forty -seven days is not yet complete. 
It may be further remarked, as with rhamnoiiic acid, that 
heating the acid leads to increased formation of lactone. 


4. d- Galaciomc add, ' 

C„H,A 

Calcium salt with HCl 
I -- 7 s? acid 


Aftei 10 to 15 min . . 

\_<x] n 
- 106® 

‘ ‘ 5 hours 

13.8 

‘ ‘ 6 days 

39-2 

“ 15 days 

45.9 

Heated to 100® 

59 7 

After 14 days 

53 « 

Calculated for C„H,jO,. 


* Galactonu acid lactone^ 

Weighed as hydiate 
CrtUioOn i IltiO r--6 85 

W. 

Aftei 10 111111 . . . — 64.2* 

‘ ‘ 24 hours 63 7 

“ warming . - 63 9 

2 1^-70 

After 10 imii “655 

“ 3 64 3 

Calculated for Cf^UuO^ 


With many bodies, the following for example, the observa- 
tions are still incomplete 


5 Arabonic add,' 

Stiouthmi salt and IICl. 
c - 3.46 acid 


After 10 min 

8.50“ 

“ 4 hours.... 


“ 6 hours . .. 


“ 20 hours.... 

45.0 

" 2 days 

- 45-9 

“ 2 months... 



Calculated for 


C5H,oO,. 


Arabojiic acid lactone' 

Weighed directly 
c - 9 749 lactone 

Beginning — 65 9° 

After 14 hours - 65 9 

Calculated for 
C„Hi()0(,. 

(—73 9 
calculated for 
CsHA,.) 


1 Schnelle and 'tollensi Aim. Chem. (Tyieblg), 271, 74. 

3 Schnelle and Tollens, Ihtd., 271, 81. 

« AUett and Tollens* Ibid,^ 260, 312. 

4 Fischer and Piloty» Ber. d chem. Ges., 24, 4219. 


^ If i 
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6 . Xyhnic acid,^ Xylonite acid lactone 

CgHgOj 

Observations 011 the acid only have heen made 
Strontium salt and HCL c*: 3 428 CsHmOg 

After !<} nnn. 4 hours 6 hours 20 hours later 2 months 
[a] , —71 o +71 + 17*2 + 17*5 + 20.9°, 

7. Saccharin ic and. Saccharin, 

CgHigOg. 

For saccharin {c— lo 4) there was found : 

After 8 nun, 3 days 4 days 7 days H days 

[nr] -94.2 t' 90-7 + 90 S +889 +88.7®. 

The changes in the rotation of saccharmic acid (salts of the 
acid with HCl) have not yet been investigated. 

Isosaccharm (r = lo, = + ea'’) and metasaccharin 
(c 10, [ajjr r=z — 46.7°) show constant rotation.*'* 


2^7 

24 hours 
— 67 70. 


8 /f - Ghicoheptomc add lactone^ ( 

c ' 10 422 after 20 min. 

[a3/>= —792 

y Anhydrides of d- Lactic Acid, CsH,Oj. 

As Wishcenus has shown, the right-rotating acid leaves on 
concentration, products which contain certain amounts of the 
anhydnde, C,H.„ 0 ,. and probably the 
.actide, L,H.O, These last, when brought into aqueous solu- 
lon. pass ^adually back into lactic acid, which may be 
recogmred by the fact that after neutralization the liquS 
Incomes slowly acid. In consequence of this, the rotation 

mcreas^ but at the ordmarj- temperature, this increase is 
appreciable only after some months increase is 

err *»“ *1*=.^^ 

^ it” 3 .. 

Fischer. /to. ’ 7 '* « 

' ■ -fir. 3S4 , also .64, ,8. 
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OsHoO, 
m 100 cc 


Beginning 


+ 0.41' 

After 7 months 

42 97 

+ 2.85 

<< ^ » 


+ 2.91 

dilution 


+ M 3 

** 44 days 




Among bodies of Class II it is found, without exception, that 
the lactones possess a much stronger rotating power than their 
corresponding acids In the constitution of the two groups, 
there is a marked difference, as we haVe for example : 


Sacchanc acid 

Sacchanc acid lac 

CO OH 

CO . OH 

1 

1 

CH . OH 

j 

CH . OH 

CH . OH 

1 

j 

.CH 

CH . OH 

1 

/ 1 

/ CH OH 

CH OH 

0\ I 

\ CH OH 

1 

CO OH 

1 

^CO 


The higher rotation of the lactone may be attnbuted to 
the ring structure contained m it See § 84 

Furthermore, it has not been shown in all cases that the 
decrease in rotation, which is observed with the lactones, 
depends on hydration. In the case of the ^-glucohep tonic 
acid lactone, referred to above, Fischer was unable to discover 
any gradual formation of acid Besides, the change in rotation 
may take place in solutions which are not aqueous This was 
first observed by Colson' with the anhydride of diacetyl tar- 
taric acid, which showed at first, m acetone, a rotation of 
-f 12®, and after half an hour only + 10 18° 


III Mulhrotaiion of a Few Other Substances 


76. Here we have the following bodies 

Formylfenchylamine, CioH„ NH.HCO —A solution in chloro- 
form showed a decrease in rotation which ceased after 12 


hours. 

1 Colson Bull Soc Clnni , (3) 7, 805 

2 Bina Ztschr phys Chcm , la, 726 




2S2 


SPECIFIC ROTATION 


t It Y-bfn::ylidenefencfivlamfn€, 


y 


OH 




(I) 


CH = N.C„H„ (4) 


With a Milutioti in chloroform (/ == 1.28, d — i-4905) there 
found 

For the fresh solution 77® 

After 18 hours • • [ or] g — -f 72 


Xicoiine, dissolved in water. — Pribram observed that a solu- 
tion of 20.169 cent, strength, with a densit5" of 1.0149, 
when allowed to remain in the polarization tube at the ordin- 
ary tenijierature, exhibited the following increase in rotation* 

[«]” Ms 

for / « 3 999 dm 


Fresh solution — 7.188® — 87 81® 

After 12 hours 7.623 93 13 

Vfter i8 hours 7 903 96,55 

^fter 48 hours 7 904 96 56 


Am)rfiiiig to Pribram, this phenomenon depends on the 
ft.rmatjon of a hydrate, since nicotine and water mix with 
marked evolution of heat. In freshly prepared 20 per cent, 
'-dntiims. the conversion does not seem to be completed at 
once but to require a certain time. From the increase in the 
rotation it must be concluded that the hydrate is more active 
than the pure base ■ 


G. Rektiotts Between the Amount of Rotation and Chemical Con- 

stitution 

77. P«ltoin«ry Remark 8 .-A large number of investigations 
have been earned out with these relations in view, but up to 

satisfactory results 

In e-mbiishing the rotating power of groups of bodies of given 
henncal institution, certain regularities could be recog^zed 
but almost always these were clouded by exceptions more or 
numerous. The cause of this may rest in the uncertainty 

• Pnbram »er d. chem. Ges , ao, 1847 



DOTATION AKD CHElMlCAI. CONSTItUTlCXfc^ ^ 

is in a large measure dependent cm the concentr^tl®^ m 
on the hature of the inactive solvent, and such hoi 
quently cannot be brought into comparison, Inves^ 
is largely limited, therefore, to active liquid bodies, ai 
here there may be sometimes doubts as to their applic 
If, in their preparation, high heat is applied, or a 
reaction ensues, ^partial racemization of the product 
sible, and in this case too low a result for the rotation 
obtained. (See § 28 and 29.) 

The reliability of the numerical value given for the t 
rotation, if of a liquid substance, may be tested by exai 
several preparations made by diiferent processes I 
direction, Purdie and Williamson^ have carried out 
experiments with esters of malic and lactic acids, whid 
made • 

1 By action of alkyl iodides on the silver salts of the 

2 By esterification of a mixture of acid and alcohol 
of hydrochloric or sulphuric acid 

By using also some observations of Walker,' a: 
Anschutz and Reitter,^the following results were obtain^ 


Mauc Acid Esters 



Silver salt | 
method | 


Acid method 



Purdie and 
Williamson 

Mr ! 

1 

Purdie and 
Williamson 

Mr 

Walker 

Mr 

Ansc 
and R 

M 

Methyl nialate . • * - 

— 7 34 

. 

- 685 

^ , 

Ethyl malate . - • * 

~ 12 42 

— 10 34 

. — 10 18 

— H 

N-Propyl malate - - * 

— 13 70 

.• 

— II 62 j 

— I 

N-Biityl malate. — 

— 12.20 

•• 

•• 

— II 

Ethylacetyl malate 

— 23 00 

21 58 

22 52 

— 2' 

1 

Ethylbutyryl 

— 22.70 

( 

— 22.22 

1 

1 


1 Purdie and Williamson J Chem Soc , 69, 818 (1896) 
a Walker : Idtd , 67, 914 (1895) 

a Anschutz and Resitter Ztschr phys Chem , 16, 493 (^895) 
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Lactic Aan Esters 



Silver salt method 

Acid method. 


Walker 

Purdic and 
WiUihmsott. 

Purtlie and 
wnHoin«on. 

Bthyl lactate 

— 14.52 

- 

10.33 

Ethylacetyl lactate 

•• 

- 49-87 

49-75 

Ethylchlor propionate 

r + 21 21 1 

1 21.78 i 

* 

+ 19-4 1 


The silver salt method, with the simple esters, gives, acaird- 
ingly, somewhat higher values than the acid method. The 
lower rotation of the esters made by the latter method was not 
due to any racemization, since it was found that the aoid.s 
separated from them showed no lower rotation than those 
originally employed. Besides, in the preparation of the above 
esters no high temperatures were applied (not above loo®); 
in other cases possibly greater difEerences will be noticed 
As a further cause of the uncertainty in the .specific rotation 
of liquid bodies, possible changes in the products, thiongh 
polymerization, have been suggested. But as has been shown, 
however, in § 62, the effect of this reaction on the rotation has 
not been demonstrated with complete certainty. This has been 
confirmed lately by an observation made by Walden' on the 
diamyl ester of itaconic acid, as it was found that this sub- 
stance, in spite of gradually increasing polymerization, still 
showed no indication of any, or at most of only an unimijor- 
tant change in the optical activity In different conditions thi.s 

compound gave the following rotations for a layer i dm in 
length- 


Freshly prepared, mobile liquid ^ i a 3^0 

After 2 months, thick liquid, stringy 

Completely hardened, colorless glass 4*71- 

To test the relation between rotating power and chemical 
constitution, the esters of active amyl alcohol have been fre- 
qu^tly mployed. These have all been made from commercial 
left ro atmg amyl alcohol of different degrees of activity 

Walden Ztschr phys Chem., ao, 383 (1896) 
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■) , 

(for example, [a^jo ^ 4»S®» Onf^i — 

Such preparations always Contain a certain, but hot dcternifti 
able, proportion of inactive isomers, and are comparable 
among themselves to a limited extent only when secured from 
the same crude product. The different isomers of the crude 
amyl alcohol appear to be attacked hy chemical reagents to 
not essentially different degrees, since Guye and Chavanne^ 
found that the alcohols recovered by saponification of several 
esters, possessed a rotating power scarcely changed from that 
of the original. 

In the following comparisons when bodies of different com- 
positions are dealt with, the molecular rotation, IJkT] = 
M 

[a], is always employed, while for isomers, the value [a] 
is sufficient. 


I I somenc Bodies 

An idea of the relations obtaining here, may be obtained 
from the following observations 


78. a. Metamerism, Structural Isomensm 


I Translocation of the Active Radicals 


Atii3rlacetic acid [^]/) 

Amylacetate 

Diamylacetic acid 

Amylamyloacetate 

Methyl valerate 

Amyl formate. . 


= + 8 53 1 Walden Ztschr phys 
+ 2 50 i Chem j 15, 638 
-|- 18 27 Walden Ztschr phys 
-f 7 01 i Chem , 15, 638. 

- \ Guye and Chavanne 

i ^2 01 I 


In these cases very marked differences appear. 


2, Alcohol Radical Active Isomerism in the Inactive And Radical 
Amyl normal butyrate .... ^ = + ^ 97 X Walden Ztschr. phys. 

Amyl isobutyrate + 283I Chem., 15,638. 

Amyl normal brombutyrate- + 2.27) Walden Ztschr phys 

Amyl isobrombutyrate + 253/ Chem , 15, 638 

The differences in rotation are small. 

Alcohol Radical Inactive, Isomerism in the Active Acid Radical, 
Methyl normal butyryl malate =■ — 22 44 “) Walden : Ztschr. phys. 

Methylisobutyryl malate — 22.36/ Chem , 17, 245, 

1 Guye and Chavanne- Bull Soc Chim , [3], 15 > 275 (1896) 
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Ethyl normal butyryl malate . . 

Bthy lisobutyryl malate 

Ethyl-a-brom normal butyryl 

malate 

Ethyho-bromisobutyryl malate 


— 22 22 "I Walden . Ztschr phys, 

— 21 99 J Chem., 17, 245. 


— 24 76 

— 22.57 


Walden • Ztschr. phys. 
Chem., 17, 245. 


The difEerences are likewise very small. 


4 A ad Radical Active IsomeHsm 

Normal butyl valerate • ...... [a] jy = 

Isobutjd valerate 

Normal propyl gly cerate 

Isopropyl glycerate 

Normal butyl glycerate 

Isobutyl glycerate 

Secondary butyl glycerate . . . 

Normal propyl malate 

Isopropyl malate 

Normal propyl tartrate 

Isopropyl tartrate 

Normal butyl diacetyl tartrate 
Isobutyl diacetyl tartrate .... 

Normal butyl dipropionyl tar- 
trate 

Isobutyl dipropionyl tartrate 
Normal butyldibutyryl tar- 
trate 

Isobutyl dibutyryl tartrate . - 


in the Inactive Alcohol Radical 
10 60 ] Chavanne* 

-|- 10 4® j 


1 16, 


\ 1 

— 12 94 I 

— II 82 j 


Conipt. rend , 

1454 

Fraiikland and Mac 
Gregor J, Chem 
Soc., 63, 524. 

— II 021 Fraiikland and Mac 

— 14 23 I* Gregor* J. Chem 

— 10,58 J Soc , 63, 524. 

— II 621 Walden. Ztschr. phys 

— 10.41 i Chem , 17, 245. 
-l-29.il 1 Freuiidler, Ann. chim 

+ 34-83 •’ p^ys , [7]. 3, 433 

+ 8.0 \Freundler. Ann chim 
+ 170 J phys , [7], 3. 433 

, . 1 Freundler: Ann. chim. 

+ 69 ^ 

+ II 4 J 


phys., [ 7 ], 3 . 433 


-f 6.0 

+ 85 


1 Freundler. Ann chini. 

J phys , [ 7 ], 3, 433 


The iso compounds show sometimes a higher, sometimes a 
lower, rotation than the normal. 


d Position IsomeHsm tn Benzene Derivatives 

79 • A number of investigations have been carried out to 
determine the influence of the 0 , m or positions of an active 
and inactive group, or of two active groups in disubstituted 
benzene derivatives. 

I H Goldschmidt and Freund^ have determined the specific 
rotation of the following solid bodies from chloroform solu- 
tions, the per cent strength, p, within each group being 
nearly the same. 

In some groups the compounds, CgHg.R, were investigated 

1 ztschr phys Chem., 14, 394 (1894) 
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# :roxa 3 j 0M 

to determine the effect of the addi^on of CHj by 

< R . . ^ 

. 

CH, 

The differences show the increase or decrease in molecular 
rotation from one member to another. 

C^] i> ^ 

/-Amylplieiiyl carbaminate -f 4 -j~ SI7 

/-Amyl-o-tolyl carbaminate 4- 4- c o 


I. 

;^=5.3 


II. 


III 

7 


59 


2.» 
2 6 
14 


^Amy^o-tolyl carbaminate 4- 2.66 f 

“ 1 3 85 i- as 

“ P- - * 'NHCOO.C^hJ + 4 47 -h 9^9' 

/-Menthylphenyl carbaminate — *77 2 —212.3 

/-Menthyl-<7-tolyl carbaminate — 65.9 — 190.4 

" “ Pc H 1“7M -2064 + *®° 

" p . <• * ''NH COO C,ohJ - 72 3 -208.9 

Carbanilido-^f-carvoxime +317 -f899 

Carbo-o-toluido-i/-carvoxime +274 + 81.7"' 

“ fc H 1 + 29 8 + 88.8 + 7 I 

L ‘ * NH CO NO C,„H, J + 30 8 -|- 91 6 * 


P- 



BenzoyW-carvoxime .... . ... 

(^-ToluyW-carvoxime 

”*■ " 1 

p- <■ L ^ * CONO C,„H,J . 

£?-BrombenzoyW-carvoxime 

m- “ r ^Br “1 

P_ .. L^'^^^cono C.„hJ... 

i^'NitrobenzoyW-carvoxime 

‘ L^“'^cono.c,„hJ ... 


4- 26 6 + 71 7 
27 I 4- 76 6 


4- 26 9 4- 76 o 
4- 23 4 -4 66 3 

- 26 o 4 * 90 3 
4- 18 2 4 - 63 5 
-4 149 -f 51 9 
inactive 

— 207 4-649 


o 6 
— 97 

-268 
— n 6 


— 105 


> “ L" ^^CONO.CjoHiJ ..-4-173 +544 

In general, the following relations appear from these obser- 
vations . 

a. With respect to the influence of position, the rotation 
increases in the order, Oy w, in groups I, II, and III, but 
decreases in groups IV, V, and VI ^ 

h. The introduction of a methyl group is followed by a 
decrease in rotation in I, II, and III, and by an increase in IV. 
2. The following esters of ditoluyl tartaric acid 
CeH.CCH,) (C0)0— CH— COOH 

C,H*(CH,)(C0)0— in— COOH 


r^. 
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been investigated in fused condition at diiPerent temper- 
ature^ by Fraiikiand and Malcolm ^ 


Hrtlsvl ester 
t* Conii»m«d . - . 
m • * 

^ t - • 

i 1 1 

II ii II 

£ 

roo® 
68.0 
790 
102 8 

ri.o 

23.8 

137° 

— 61 7 

— 70 6 

-915 

89 
20 9 

183° 

- 5 a .8 

— 61 0 

-769 ’ 5-9 

e^er 

t oni|ii>iJnd . . 
m ^omf)»>und-. 
/ t unxjxiiind . . 

I;--:- 

54 7 

63 7 

90 0 

9.0 

26.3 

— 504 
-587 

-815 

83 

22 8 

— 695 


Here the rotation increases in the order o, m, p, and the 
liifference between o and m is always smallerthan the difference 
lietHeen m and p. These relations remain true for the differ- 
ent tt-Rif>eratures 

3 The specific rotations of the following bodies have been 
fieternimed by Binz" from chloroform solutions 

Mi) 

i ♦x>T*enMliiienefenchylamine (p = 2.5) 4- 66,0 


i ^ i tx\ TieiiM lidenefenchylamine (/ = 2.5) . . . . 

^ I CH N.C,„H,t J (P ==^3) •■■■ 

r' MtJh«xjben.iylidenefenchvlamine (fi ~ s) . . 

r o CH, ' T 


[C.H. ° 


CH N C,„H„ 


(P — 5 ) 


-h 72 0 

+594 
+ 78.1 


4 Walden’ obtained from solutions in glacial acetic acid 
I . for 


5 Ii!iC acid dl-<7-toluide .... 
Mihc and di-^toluide 


[«]d = — 66.5 


— 70 o 


In the majoritj- of these isomers the para compound appears 
t' < have a greater rotation than the ortho. 

But c^^ are known in which isomenc bodies rotate in 
•TP^ite directions This is fonndMn o«ie in 


Pn .pj Idibenzo> I glycerate 

H COO^ ^‘O.CO.C.H., 

[a]*; ^ -- 21,0 


Methyldiphenylacetyl glycerate 


CHa,COO 


®\c/^h..oco.ch,.ca 

'Q/ \o C 0 .CH,.C„H 5 


T -k L®].d = — i6.r. 

.1 -.hem soc, 6 «.j 309 {,s 96) 

Z£«hr phj.,. Chem , ,a. (,8,,, 

“ balden Ztschr ohjrc ^ 

^OT J. Chcm Soc , 69, 104 (1896) 
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Also with the isomers in the santonin f roup, for whic^h there 
was obtained from chloroform solutions: 


Santonin^ 

Metasantonin.. 

Santonide 

Metasantomde. 
Parasantonide • 


[«]z?== — I7M° 
+ 118.8 

+ 744^6 

— 223.5 
+ 897.3 


c. Stereoisomeric Bodies 

80. series of observations carried out by Walden,* are 
concerned with the active amyl esters of fumaric and maleic 
acids and their derivatives, /-amyl alcohol was employed in 
their preparation. 

Diff 

+ 3.35 

+ 5.08 

+ 4.71 

+ 4.84 

Mean 450 

111 all these bodies, it is seen that the fumaroid form has a 
molecular rotation higher by about 4.5 than the maleinoid. 

On the other hand, if we consider compounds which are 
related to these types, but which are saturated (acids of the suc- 
cinic series), according to Walden, the above no longer holds 
true, as seen m the following : 

Diamyl ester of [of] D 

^-Dimethylsuccinic acid +3.66 + 10.47 

Antisuccinic acid + 3 42 + 9.79 

Racemic acid + 3 37 H" 9*77 

Mesotartaric acid + 4-77 + 13 83 

2208 (z88o) 


Diamyl ester of 



PSimaric acid* 

... + 

5.93 

+ 

15.17 

Maleic acid 

•• + 

4.62 

+ 

11.82 

Chlorfumaric acid* 

•• + 

578 

+ 

16.78 

Chlormaleic acid 

• • + 

4-03 

+ 

11.70 

Bromfumanc acid 

•• + 

5-99 

+ 

20.07 

Brommaleic acid 

.. + 

4-58 

+ 

15.36 

Methylfumaric (mesaconic acid) 

•• + 

5.93 

+ 

16.01 

Methylmaleic acid (citraconic acid )... 

... + 

4.14 

+ 

11. 17 


Diff 

+ 0.68 


— 4.06 


1 Camelutti and Nasini Ber d chem Ges , 13, 

2 Walden • Ztschr pliys, Chem , ao, 377 (*896) 

8 Earlier observations of Walden (Ztschr phys Chem, 15,638(1894)) gave the 

following values for these bodies 


19 


Diamyl esters of 

C«]^ 

1 — 1 

Diff 

Fumaric acid ... . . . 

Maleic acid « . ... . . 

. . +5.69 

. +4 35 

+ 1456 
+ II 13 

3.43 

Chlorfumaric acid . . ... 

Chlormaleic acid ... 

. + 5*74 
. . +460 

+ 16 67 

+ 13 38 

3.31 
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But it must be remembered here, however, according to § i8. 
that a racemic acid ester of active amyl alcohol does not exist. 
This is a mixture of the amyl esters of d- and /-tartaric acid, 
which bodies, since they are not reflection images of eacl 
other, cannot form a racemic compound. 


//. Homologous Series 

Bt. The relations appearing here can be seen from the follow 
ing obser\'ations : 

Changes in the Moeecuear Rotation with Increase of CH 

i.'Amyl formate 

Amyl acetate 2.53 3 + 0.9 

Amyl propionate 2.77 ,qo +0.7 

Amyl A'-bntyrate 2.69 42, + 0.2 

Amyl A-valerate 2.5a 4 ,, • -f oo 

Amyl A’-oaproate 2.40 446 + o-i 



Amyl Wprylate 2.10 449 + o-o 

Amyl lauwte 

Amyl palmitate . . , ‘A 

^my 1 stearate * 4^7 

s.'Vali^tic acid , 

Methyl valerate " 3 - 5 '' + .g 

Ethyl valemte 19.53 ^ ff 

A'.propyU.aletate 

3 'Methyl glycerate 75 

Ethyl glj-cemte “ -' 5.76 , 

-V-Propylglycerate g'j 

A -Butyl ^ *9.15 4. , , 

Heptyl glycerate '**' ^3’*9 2t.37 

Octyl glvcerate ^*‘ 3 ° 2305 

4 ^Methy 1 diacetylglycemte*. '.*!.!! ~ °-J 

—24.56 

3556 J 
45.17 

■f' 68,20 
90.90 


Ethyl diacetylglycerate “ 

^“tylglycerate Jf'A 


5 ’Methyl dibenzoyl^yceiate 45.17 

Ettyl dibenzoylglycerate -f- 26 89 -j- 8S.20 

-V-Propyl dih«j2oy]glyce^te. 

' »»4 ChavwuK : Compt. rend ’,1 74 76 

GByeaodCbaTranne. Ceanpt rend tSluai., ( 3 ) i 

• FmitklMni and MacOn^'r ’ *“*• '«4 (1893) ' 

• I^Uaadand HacGi^rv-.' {' ?“= ■ ^3, 1415 (i8g,l 


(3). '5. 27s (ig9< 


- ^«»aaand HbcGimot- j ^ir 'I’S ( 1893 ) 


104 (1S96). 
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I 


n 


in 


L^h 





Methyl malate . . 

-685 


- 6.88 


— 7.34 

Ethyl malate.... 

10.18 


10.65 


1242 

JV^Propyl malate 

11.62 


ZI.60 


13.70 

iV'-Butyl malate 

.. 


10 72 


12.20 

Amyl malate . ■ - 

9.92 


.. 


.. 

Capryl malate .. 

6.92 


•• 


- 


m 

7 




Methyl malate . . 
Ethyl malate.... 
iV-Propyl malate 

— n 10 

19 35 
25.32 

+ 8 25 
+ 5 97 

— II. 15 

20.23 

^25.29 

+ 9'08 
+ 5-o6 
+ 1.09 

— 11.89 

*3.56 

2987 

iV-Butyl malate 

.. 


26.38 

3001 

Amyl malate . . . 

27.19 

— 2.42 

.. 



Capryl malate .. 

2477 



•• 


+ 11.67 

+ 6.31 
+ 0.14 


I. Formed by esterification from add and alcohols by aid 
of sulphuric acid.‘ 

II. Produced m same way.’ 

III. By action of the alkyl iodides on silver malate.’ 


[a]^ [^]i> 


7. Diacetyl malate of 

I.* 

II® 

I^ 

ii.« 


Methyl — 

22 92 — 

22.86 

“SS+=« 

^ ^ + 7 15 

— 48.64 

— 5 79 

+ 653 

— 158 

Ethyl .... 
iV-Propyl . . . 

22 52 

22 85 

22 60 
22 68 

S2 43 
5896 

iV-Butyl.... 

21.88 

1993 

57-38 








8®Methyl ^/-tartrate 

Ethyl flT-tartrate . 

iV-Propyl fZ-tartrate - . . . ■ 
9. ^Methyl chlorsuccmate. . . 
Ethyl chlorsuccinate. .. 
iV-Propyl chlorsuccinate 
iV'-Butyl chlorsuccinate 
Amyl chlorsuccinate . . . 


+ 2.14 

7.66 
1244 
+ 41-42 

27.50 

25 63 
21.57 

21.56 


+38 

157 

29 o 


+ 11.9 
+ 133 


+74.8 

57.3 

60.6 

57-1 

63.1 


— 175 

+ 3-3 

— 3-5 

2 act rad. 


1 'Walden Ztschr phys. Cliem , 17, 245 (1895) 
a Anschutz and Reitter Ztschr phys Chem , 16, 493 (1895) 

9 Purdie and Williamson, J Chem Soc.» 691 818 (1896) 

^ Walden . Ztschr phys Chem , I7» 245 (1895) 

6 Anschutz and Reitter Ztschr phys Chem , 16, 493 (1895) 
« M A Pictet Arch phys nat , (3), 7, 82 (1882) 

7 Walden Ztschr phys Chem , i7i *45 
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lo,* Santonic acid 

Methyl santonate 

Ethyl santonate 

A* Propyl santonate 

Parasantonic acid 

Methyl parasantonate 

Ethyl parasantonate 

A’''-Propyl pamsantonate 

From chloroform solutions. 

II. Fenchylamine (liquid)* 

Fonnylfenchylamine ij> = 3.9) 
Acetyl “ (;> = 4.6), 

Propionyl “ = 5.0) , 

Butyo^l 


W2> 


- 70.31 

— 185.6 

52-33 

145-5 

45-35 

132.4 

39-34 

120.4 

89 51 

260.1 

X08.9I 

302.8 

9998 

291.9 

91-27 

279.3 



24-89 

— 380 

3656 

66.0 

46.62 

90.7 

S 3 -i 8 

1109 

5311 

118.2 


40 X 

131 

— 12 o 

+ 42.7 
— 10.9 

— 12.6 


+ 24.7 

+ 20.S 

+ 7.3 


Detennined from chloroform solutions. 

The following relations appear by comparing the molecular 
rotations of the above compounds : 

With the homologous esters, « the values of [M] sometimes 
increase and sometimes decrease with increasing molecular 
weight of the alcohol radical. 

An increase is found in the esters of glyceric an d flTo %) 
diac^tyl glyceric acid (No. 4), maUc acid (No. 6), diacetyl 
^ic amd (No^ 7) and tartaric add (No. 8) ; also with the 

si ts fi) 

A decease is found with the esters of valeric acid (No 2) 

santonic and parasantonic adds (No. 10). ^ ' ' 

between the molecular rotations of two 

in^r • ^ II) ; the effect of the graduallv 

beco J 

“■ '“1 “ 
Changed to a decrease .f® increase ij 

ogous series a meml4ris found^ i“ tbe homol 

rotation. which possesses a maximim 


^ Carnclutti and Nasiai - Ser ^ ^ 

»B,na.ztschr.phy3.che«,«.73,”^^,^ 


> 3 t 2208 (i88o) 
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The geatest change is found in going from the acid to the 
first ester (Nos. 2 and 10). 

In Nos. 5 and 9 the rate of change is irregular. 

///, T^he Effect of Linkage of the Carbon Atoms, 

The experimental results on this are as follows 
a. Change from Single to Double Bond by Loss of 2 Atqpns of H, 
82. The changes of rotation in cases of this kind have been 
investigated by Walden^ in a series of liquid esters of active 
amyl, CH(CH8)(C2Hg) — CHj — , in the preparation of which 
left-rotating amyl alcohol was used. 



CsHn-A 

[«> 
+ 281 


Diff. 

^ Amyl w-butyrate 

CHg— CHa— 'CHg— COjA 

+ 4-43 

2.19 

(.Amyl crotonate 

CHg— CH=CH— COjA 
CHg— CH— CO3A 

+ 4-*4 

+ 6.6a 

Amyl ibobutyrate 

1 

CHg 

CH,=C— COoA 

+ 3.10 

+ 4.90 

0‘57 

j^Amyl methacrylate | 

r CHa— CO3A 

+ 3-51 

+ 5 47 


Diamyl succinate 

1 

CHa— COaA 

CH— COaA 

+ 376 

4- 9-71 

5-46 

Diamyl fumarate 

II 

CH— CO,A 

+ 5 93 

+ IS 17 



Diamyl chlorsuccmate 
Diamyl chlorfumarate 
Diamyl methylsuccinate 
Diamyl mesaconate 


Tnamyl tncarballylate 


Triamyl aconitate 
1 Walden Ztschr. phys Cliem , ao, 569 (1896). 


CHa— COjA 

+ 3 75 

+ 10 98 


CHCl— COjA 
CH— COaA 

11 

+ 5.78 

+ 16.78 

5.80 

CCl— CO3A 
CHa— COaA 

1 

+ 3-76 

+ 9-99 


CH CHg— COjA 
CH— COjA 

11 

+ 5-93 

+ 16.01 

6.02 

C CHg— COjA 

CHa— COjA 

CH— COaA 

+ 4.01 

+ 15-48 


(Ih,— CO jA 

CH— CO,A 

C— COjA 

+ 6.16 

+ 23.66 

8.IS 

AhjCOjA 
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CbHii-=A MjJ Diff. 

CbHs-CHj-CHj-COsA + 2.26 + 4-98^ 
t Amyl cinnamate CgHg — CH—CH— CO^A + 7-51 +16.36 ^ 

In all these cases it is seen that the change from single link- 
age of carbon atoms to double linkage is followed by an 
increase in the rotating power. 

b Change from Double to Triple Bond between Carbon Atoms* 

83. For this case, we have as yet only the following illus- 
tration, likewise from Walden : ^ 

M/) L‘^J> niff. 

j- Amyl cinnamate C 0 H 5 — CH=CH— COgA + 7 51 + 16.36 

1 Amyl phenylpropiolate — C=C — CO 2 A 4" .S-S® + i2.o5 

Here a decrease in activity follows 


e. Change from a Chain Carbon Compound to a Cyclic Com- 
pound. 

84. As van*t HofP first showed, the ring structure exerts a 
very considerable influence on the degree of rotation, and it 
may even change its sign 

Accurate numerical data are here hard to obtain, as most of 
the compounds which could be considered are solid, and their 
specific rotations, therefore, variable with the solvent and con- 
centration. The relations which may obtain may be seen 
from the following comparison of two dicarboxylic acids with 
their cyclic anhydrides: 


Diacetyl tartanc acid 


Diacetyl tartanc anhydride 

Dibenzoyl tartaric acid 
(anhydrous) 

Dibenzoyl tartaric anhy- , 
dride* 

1 Walden Loc at 

3 der Atome im Raume,” 1804, ■ 

® M A Pictet Jahresbericht, 1882, p 856. 


r water 
water 

ethyl alcohol 
ethyl alcohol 
f acetone 
acetone 
, benzene 
benzene 
f ethyl alcohol 
1 methyl alcohol c s 

acetone : 


c = 17.95 
c — 3.76 
7‘37 
c== 3-27 
0 = 11.66 
c = 

c = 


4.40 

2.09 

1.05 

4*76 

4*65 

4.64 


[«]/»==— * 3-0 
-* 19-3 

— 23.6 

— 21.5 

S9-7 
+ 62.0 

+ 58.7 

+ 63.1 

= 117.7 

— 122.1 

C«]j==+ 14*9 
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In both of these cases the rotation of the anhydride fe ^ > 
greater than that of the acid, and of opposite direction. ^ 
But another condition appears with the following bodies 


Chlorsuccimc acid* 
Chlorsuccinic anhydnde 


acetic ether c = io [«]2> = + 5^*7 
acetic ether ^: = 6 66 + 52.9 

acetic ether ^: = 10 [^]z> = + 3°*9 

acetic ether c=^ $ + 33*^ 


In this case the rotation of the anhydride is smaller than 
that of the aad, but in the same direction. 


If we compare the lactone- forming acids of the sugar group 
with the lactones themselves, it is found, as pointed out in 
§ 75, that the latter have always much the stronger activity. 
As the true rotating power of the acid can not be determined 
with certainty because of the existence of multirotation, 
Alberdavan Ekenstein, Jorissen and Reicher® have investi- 
gated the neutral alkali salts, which do not show multirotation, 
and from which the rotation of the acid ion may be obtained. 
The lactones were tested as soon as possible after solution so 
as to avoid the effects of multirotation In the experiments the 
concentration of the acid ions was from 2 to 6.5 grams in 100 
cc, and of the lactones from 4 to 10 grams. With addition 
of a few data from Fischer, Tollens, and others, the authors 
mentioned give the following table 



Acid ion 

I^actone 

Change in 
rotation 

Riboiiic acid 

+2° 

- 30° 

32® 

fl?-Gluconic acid 


+ I16 

100 

/-Mannomc acid 

+20 

97 

117 

flf-Gulonic acid • • • 


+ 99 

126 

/-Gulonic acid 

+27 

- 99 

126 

Saccharonic acid . . • i 


+ 152 

163 

Isosaccharonic acid 


+ 102 

II3 

^-Saccharic acid • . • 


+ 77 

51 

Mannosaccharic acid 

+ 2 

+ 354* 

352 

a-Rhatnnohexonic acid 


+ 163 

150 

a-Glucoheptomc acid 

+16 

— II2 

128 


1 Walden . Zt 3 chr phys Chem , 17. 245 (1895) ^ 

2 Chlorsuccinic acid dissolved in water has a niu<^ smaller rotation than in acetic 
ether Walden (Ber. d chem Ges , ad, 215) gives these values, 

f = i6 [a] * + 20 6 

£ ss 6 4 + 20*8 


Water 


8 Ztschr phys Chem , ai, 383 (1896) 

4 The table contains the mean values of the numbers given in the original paper. 
8 This refers to the double lactone, CgHeOe 
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The rotating power of the cyclic lactones is thus seen to be 
much stronger than that of the acid ion and often in the 
opposite direction* The change of rotation is mostly from 
100® to 150®, but the numbers disclose no characteristic 
regularities* 

In carbocj'clic and heterocyclic compounds high rotating 
power is generally found, especially when these compounds 
contain several asymmetric carbon atoms, as is the case in the 
kKiies of the santonin group and in the alkaloids, for example 

Limoncnc-«-nitrosocliloride in chloroform 

l»imoiicne-^-nitrosochloride m chloroform 

Stwiinm nitrocamphor in water 

Metasantonide in chloroform 

Santonide in chloroform ' 

Parasantomde in chloroform ] . ] * 

tiuimdine in alcohol 

Thebaine in alcohol 

Cuiwine sulphate in water 

But. on the other hand, some cyclic bodies possess 
rotating power, as ‘ 


W27 

±314“ 

± 341 

'+233 

—224 

+745 
+ 897 
+255 

— 219 

— 290 

a low 


T^^-^onaphthylenediamine hydrochloride m water _ ^ 

flen/oylhjdrDchlorcarvoaame in acetic ether 

"tconitine in alcohol 99 

Cmchonicine in water +110 

Cocaine in chloroform 28.7 

Conine, liquid. — ^^*3 

Cv« are not cyc^ as^- 
Cysun in hydrochloric add ^ ' 

.-Phenylchloracetylchloride in carbon *snlphide::;:.‘: ^ « 

^ S.v«.^A^^ric Can^ a,J. " 

•sjTametric carbon atomsf\.aa ^ '‘l* doctrine of 
that in compounds which contain = ^ assumption 

the optical effect of each one is as^metric groups, 

of the others, and the rotation of th presence 



ROTATION ANIJ CSteMiCAI. CONSTITUTION 297 

braic sum of the group SrOtUtl<ms, ^ the^e may have opposite 
I signs. 

The correctness of this assumption, which lies at the founda- 
tion of all discussions on optical isomensm, has received experi- 
mental proof recently through work of Guye and of Walden. 
These chemists made isomeric liquid amyl esters, partly from 
active, partly from inactive components, in the following three 
combinations : 

I. From active add and inactive alcohol. 

II From inactive acid and active alcohol. 

Ill, From active acid and active alcohol. 

Ester III contains the asymmetric groups of I and II 
united, and the sum of the specific rotations of I and II must 
equal the specific rotation of III. 

As the following experiments show this condition actually 
obtains. In the preparation of esters of inactive adds or of 
inactive amyl alcohol, the racemic forms of these compounds 
were used. (On the racemization of amyl alcohol see § 28.) 


Amyl Lactatbs ^ [or] ^ 

I. «-Amyl /-lactate 6 38® 

11 /-Amyl /-lactate 2.64 

III. /-Amyl /-lactate — 3«93 

I + = ~ 3.74 

Amyi, Vabbrates * 

I 2-Amyl t/- valerate • for / = o 5 dm = -f 440® 

II . /-Amyl /-valerate - 1 - i 22 

III. /-Amyl flf-valerate + 5 3^ 

I + II = + 5 62 

AMYI, a:-OXYBUTYRATBS ® jj 

I. /-Amyl /-oxy butyrate — 85® 

n. /-Amyl 2-oxybutyrate + ^5 

III. /-Amyl /-oxybut^ate “ 7*3 

1 + 11 = - 70 

Amyi, Amyxacbtatbs.^ [nr] ^ 

I /-Amyl ^/-amylacetate + 4 36“ 

II. /-Amyl j-amylacetate + ^54 

III. /-Amyl rf-amylacetate + 5^4 

I + n = -h 5-90 

1 Walden ; Ztschr phys cnem., 17, 721 (1895) 

8 Guye and Gautier Compt rend , 119, 953 (1894}* 

® Guye and Jordan Compt rend , 120, 633 (1895) 

* Guye ; Compt, rend , lai, 827 (1^5) 
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Amyi, Phbnyi.chi;oracktates ^ 

L /'Amyl //-phenylchloracetate - + 23.31® 

II. /-Amyl /-phenylcliloracetate -j~ ^ 23 

III, /-Amyl //-phenylchloracetate + 26 79 

I + II = + 26.54 
Amyl Mandbi,ates.® [^]/} 

I. *-Amyi /-mandelate — 96.46° 

XX. /'Amyl /-mandelate* ^276 

III. /-Amyl /-mandelate- • ' — 04 02 


DIAMYI, CHI< 0 RSt 7 CCINAT]eS.« 

I. /-Amyl (flT-chlorsuccinate 

II /-Amyl /-chlorsuccinate 

II L /-Amyl </-chlorsuccmate 


I + II = 4. 25 31 

DiAMYI, AmV 1 ,MAI, 0 NA.TES * 

I. »-Amyl ■ b ^ ; 

II. /-Amyl t-atnylmalonate i » 

ni. /-.■Vmyl .^.amylmaloaate i 


+ 21.56® 

+ 3-75 
— 25.15 

4 - 2531 
+ 6 ro° 


I + II == 4- 

Diamyi, Mai^at^,® 

I. /-Amyl /-malate 

II. /-Amyl x-malate * 

III. /-Amyl /-malate 


+ 9 65 

+ 9.58 


— 9.92“ 

+ 3-50 

— 6.88 
' — 6.42 

+ 14*67° 
+ 3.38 
+ 18 61 
+ 18.05 


14 - 11 =.^ 6,^ 
DiAikCYi; Tamrates 0 r ^ 

I. /-Amyl ^/-tartrate / ^ W 

II. /-Amyl /-tartrate * T 

in /-Amyl </-tartrate ; ^ + 3 * 3 ' 

+^ 7-73 +186: 

I + II = 4. 17.47 + 18.0' 

DiAMVt, DlVAMiRYI, TAKXKAfTBS.S 

(Sue Asyimnetric Carbon Atoms.) r^i 

I. /-Amyl »-TOleiyl /-tartrate ^ W 

u »-Amyl i/.valetyl /-tartrate 4 - 2.44 

ni. i-Amyl /-valerylaJ-tartrate + 3-48 

. /-Amyl rf-valeryl rf-tartiate ®42 

» I + n -f HI = It 

‘ ’ '**• ^ ^* 895 ). 

; 6-3,. Coa.pt. 

*6«3,»ndGo„^ 93.(1896) 

^ Co«»Pt read.. «», 53, 


4 - 2.44® 
4 - 3-48 



A up ca^^iGAi, co: 

Finally, optical superposition may be^ 

following bodies also, if, on account of dil 

sition, the molecular rotation [.JkT], be made the basis^f~ aan- 



parison: 

I. Amyl acetate _[- 3.25® 

II. Amyl acetic acid -j- 11.08 

III. Amyl amylacetate + 14 02 


I + II=: + i 4 33 


The great differences which appear in the specific rotations 
of the isomeric sugars, for example in the hexoses, or in the 
hexonicf acids, depend, undoubtedly, as van^t HofP suggested, 
on the summation of the effects of the four asymmetric 
groups contained in them, the rotations of which are unequally 
strong and in opposite directions. Observations are not yet 
sufficiently numerous to establish the values of the group 
rotations, not even for the 10ns of the lactone-forming acids 
given some pages back. 


IV Dependence of the Rotatory Power of an Active Atomtc 
Complex on the Masses of the Four Radicals Joined 
to the Asymmetric Carbon Atom , — 

The Hypothesis of Guye, 

86 . — ^An attempt to determine the amount and direction of 
rotation from the composition of an active molecule was made 
in 1890, simultaneously by Ph A. Guye® and Crum Brown,* 
a consideration of the tetrahedral form of the asymmetric 
complex, and the relative masses of the four groups being the 
common starting point in the discussion. The problem, which 
was handled in detail and brought into mathematical form 
especially by Guye,® was well calculated to arouse great 
interest, and it has been the incentive in the undertaking of 
numerous investigations. 

The hypothesis, as stated by Guye® in 1893, in general form 
is as follows : 

1 Walden Ztschr, phys Chem , 15 • 638 (1894) 

a van’t Hoff “ I<ageruiig der Atome im Rauxne,” 2d ed p 120 

* Guye First paper Compt rend, no, 714 (1890). 

4 Cram Brown Proc Roy Soc ]^m , 17, 181 (1890) 

# Guye Compt. rend, 1 11, 745 11891) , Ii4t 473 (1892) , 116, 1133, 1378, ^454 (1893); 

119, 906 (iSm) , 130, I57i 45a. 63a. 1*74 (1895) Pans. ConKrences de la 

Soo Chlm , Paris, 1891, p. 149 ArCh, sc. phys nat. [3] ad, 97. aoi, 333 (1891)- -hnn. 
Chun, phys., (6], as, I45 (iM Bull Soc Chim , [3], 9, 403 (1893) 

« Guye . Compt. rend , iid, 1378, 1451. 
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of an active be definedas equal to the 

the cento <„sr.vi.y of 

Sd* pltoC of«ton.=t^ offl.eonpnal 
^toS^edton, According to the onentat.on of. he four 
^“^Mnedwia.U.eneyn.metriccnrb«naton, />« found 

in diflterent ways : 

. If the tetrdredron .s regular and the ra*c^ are fonnd 
enIcUy at ttie angles of the sanre, Hre product ofwmmehj 
<„.ly on ae masses of ae four poups, a J r and d-, 
tlto is, on their formula weights. In this case, tte following 
expression^ is found for P . 

(r,^h\(a---c\i a—d){b--c){b--d){c- -d) 

in which the constant factor (/. sin or)® may be dropped/ 

2 The masses^ o.^ c, and d may be situated at different 
distances, /, and from the center of gravity of the 

original tetrahedron, but always in the direction of the 
straight lines from the center to the four angles. 

3. The masses a, 3 , c and d are found at different distances, 
/, m, n and p from the center of the original tetrahedron, and 
further, on account of their mutual attractions, they have 
undergone lateral displacements, so that the straight lines, /, 
m, n and p form different angles with each of the original 
planes of S3"mmetry (oi^ • . . for /; iot m ; • • • y^ 


■ (/. sin ay 


for « ; dj . . . dj for p). 

The complicated formulas® for P in case 2 and the perfectly 
general case 3 can not be used for calculations because they 
contain undeterminable quantities (/, n, p a> . . * y», ^ 

d). We are, therefore, limited to formula I, under the 
assumption that the displacing influences mentioned in cases 
2 and 3 are too small to cause appreciable disturbances. 

The above equation satisfies the conditions, that : 

a. The product P must be zero when two or more of the 

» For th« derivaticm of the formula, the ongmal paper must be consulted* 

* Jo this, /is the distance of the four masses from the center of the tetrahedron, 
and « is the angle 54® 44'. 

* See the original paper 
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masses, a, i, <?, and d are equal ; tfiat is, when the asymmetry 
of the molecule is destroyed. 

d. The product must be the same but of opposite sign when 
two of the values i , c, and d are transposed, the one for the 
other. Such a change corresponds to the conversion of the 
right-rotating form of a body into the isomeric left-rotating. 

Changes in the rotating power must follow parallel with 
changes in the product, Pr- corresponding to variations in the 
weights and d. If the order of the weights of the 

groups is as follows ; 

i ^ 

and a is replaced gradually by smaller and smaller values, then, 
if the original body be assumed, for illustration, as right- 
rotating, the following conditions are to be expected : 

I. As long as ^ > 3 there must be, according to the numeri- 
cal relation between them, either a continuous decrease in the 
right rotation, or at first an increase, and then after passing 
a maximum, a decrease in the rotation. 

2 a = d. Condition of inactivity 

3. a Change to increasing left rotation to a maximum, 

then a decrease 

4 a = r. Second condition of inactivity. 

a <ic Appearance of right rotation, which increases to 
a maximum and then decreases. 

6 a — d. Third condition of inactivity. 

7. a <id. Increasing left rotation 

111 the experimental examination of these provisions, they 
seemed at first to be confirmed. Thus, it was possible to show 
in some homologous senes the complete or nearly complete 
coincidence of a maximum point in rotation with a maximum 
point in the product of asymmetry, as is illustrated by the 
following table of Guye and Chavanne^ based on observations 
by Prankland and MacGregor* on the rotation of esters of 
/-glyceric acid. The value of the product of asymmetry, P, 
h shown in parallel column, and multiplied by 10* to give con- 
venient numbers for comparison. 

1 Guye and Chavanne Compt. rend , 116, i454 
a Frankland and MacGregor J Chem Soc 63, 524 (1893). 



SPECII^IC ROTATIOK 


Glycerateof 

a 

C(COOR). 

(CHgOH,) 

(OH) 

d 

(H.) 



A 

iV-Batyl.-e 

iV-Propyl.. 

Ethyl 

Methyl .... 

lOI 

-87 

73 

59 

31 

31 

31 

31 

17 

17 

17 

17 

I 

I 

I 

I 

— 11 , 02 ^ 

— 12.941 

— 9,18 

— 4 S 0 

-17.9 

— xg.a 
— X 2.3 

!-- 5.8 

347 

358 

34S 

289 


A very near coincidence in the maximtini points, with a dis^ 
placement of only one term, is shown in the following valeric 
esters investigated by Gnye and Chavanne. 


Valerate of 

C(COOR} 

(QtHs) 

(CH.) 

H 

(H.) 

Wd- 

1 — 1 

/>. lofl. 

iV-Butyl. . . 

lOI 

29 

IS 

I 

H 1060 

-1 16.75 

351 

iV-Propyl.. 

87 

29 

15 

I 

11.68 

16.82 

364 

Ethyl 

73 

29 

15 

I 

1344 

17.47 

374 

Methyl.. .. 

59 

29 

IS 

I 

16.83 

« 9 *S 3 

332 

Valenc acid 

1 4 S 

29 

15 

I 

13.64 

13.9* 

218 

1 


Also when the specific rotations of the amyl esters of the 
fatty acids are compared with their products of asymmetry we 
find 


Amyl T^daurate* • - 
Amylw-nonate. 
Amyl «-caprylate 
Amyl «-heptate • . 
Amyl ;?-caproate - 
Amyl w-valerate. . 
Amyl ^-butyrate « 
Amyl propionate . 
Amyl acetate • • . • 
Amyl formate. - - . 


[«]/. 

P. to« 

' 1.56 

144 

1.9s 

204 

2.10 

229 

2.21 

25B 

2.40 

289 

2.52 

321 

2.69 

! 351 

2*77 

373 

2.53 

374 

2.01 

332 


Numerous other investigatious of these relationships 

1 Frankland and MacGregror gave later the corrected values for AT-butyl fflyceratc 
1319 and yif]D « — *140 (j. chem, Soc, 63, 1417)1 which makes thU 
example unsuitable for confirmation of the hypothesis, 

* Guye and Chavanne Compt rend , 116, 1454. 

«“<>■. "9. 906 . a the value! of the noleeuUr 
Titian IMI be taken, the manimum i» then found at amylcapiyiet*, tb*t j. f„ 
removed from the maximum of the product of aaymmetiy. ^ 
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in which besides Guye,^ many chemists,* and especially 
Walden* have taken part led gradually to the discoveiy of 
numerous facts which can not at all' be reconciled with the re- 
quirements of the hypothesis. The following discrepancies, 
especially, were brought out : ’ 

X , Compounds in which two of the groups a, b, c, and d, have 
the same weighty and which y accordingly y should be inactive, 
often possess a strong rotating power. — ^Walden* gives many 
cases, for example . 




Wo 

Dimethyl acetylmalate 
a bed 


CfCHj.COOCH,) (CO.OCH,) (0 C,H,0) (H) 

73 59 59 1 

Methyl acetylmandelate 

— 22.9 

— 46.8 

C(C,H 5 ) (CO.OCH,) (0.C,H,0) (H) 

77 5 9 59 I 

Ethyl propionylmandelate 

— 1464 

— 3045 

C(C,H,) (CO.OC,H,) (O.C,H,0) (H) 

77 73 73 I 

Hiinethyl propionyltnalate 

- 1137 

— 268.3 

C(CH,. CO.OCH,) (CO.OCH,) (0.C,H,0) (H) 

73 59 73 1 

Dipropyl isovalerylmalate 

— 22.9 

— 50-0 

C(CH, CO OC,H,) (CO.OCjH,) (0.C,H,0) (H) 

lOI 87 lOI I 

— 21.7 

— 65.5 


2 A change in the order transposition') of two group weights, 
which y according to the theory y should be accompanied by a change 


1 Guye has introduced another constant of rotation in addition to the specific and 
molecular rotation, and expresses it by the formula 



ill which a is the observed angle of rotation, / the length of column, M the molecular 
weight, and d the density of the substance Aignan criticized the applicability ot the 
formula (Compt rend., lao, 723) 

five Bel Compt rend, 114, 304., npi 226 Bull Soc Chim, [3], 7, 613, 801 
Colson; Compt rend., 114. i75» 4^7 1 115,729, 948, 116, 319, 818, 119, 65, m, 1416 
Bull. Soc Chim , [3], 7 t 802, 9, 1, 87, I95 Fnedel Compt. rend 115, 763, 994; 116, 
351 Freundler Compt, rend , 115, 509, 868. » 7 . 556 Bull Soc Chim., [3], 7, 804, 9, 
409,680; II, 305, 366,468, 470. 477* Ann chim. phys [7], 3, 487 Simon -Bull Soc. 
Chim, [3], II, 760 Purdie and Walker J Chem Soc, 63, 240 Frankland and 
MacGregor . J Chem. Soc., 63, J416, 1430 . 65, 75o Piutti Gazz chim , II, 85. 
Binz • Ztschr. phys. Chem , la, 733 Goldschmidt Ztschr phys. Chem., 14, 394 
Wallach ; Ann Chem, (I,iebig), 376, 316, 322 

8 Walden 1 Ztschr. phys. Chem., 15, 638 ; 17, 245, 705 
4 Walden : Ztschr. phys Chem., 17, 245, 712 (1895)- 
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in the direction of rotation^ often is not followed by this ejfect , — 
Thus, we have according to Walden:^ 



Mandelic acid 


c(CA)(co.oH)(OH)(H) ; 

77 45 17 I 

Amyl mandelate 
C(CeHB)(C0.0C6Hu)(0H)(H) 

77 II5 17 I 

Acetylmandelic acid 
C(QHb)(CO OH)(O.C,HbO)(H) 

77 45 59 I 

Dipropyl acetylmalate 

CCCH^.CO.OCsHO (CO .OC3H, ) (O.QHaO ) (H) 
lOI 87 59 

Dipropyl chloracetylmalate 
C(CH,.CO.OC3H7j(CO.OC8H0(O.CaH2ClO)(HJ 
loi 87 935 (i) 


abed 
h acd 

acb d 
abed 
acb d 


+ 

+ 

+ 

+ 

+ 


+ 




On the other hand, by transposition of the group weights a 
change may follow in the direction of rotation, while the sign 
of the product of asymmetry remains the same. For example : 


Substance. 

Order of the 
weights of the 
groups. 

Direction of | 
rotation of the ' 
substance P 

^ i! 

Sign of the 1 
product of |! 
asymmetiy i 

Mandelic add 
C(C,H,)(CO.OH)(OH)(H) 

77 45 17 I 

abed 

+ 

+ 

Phenylbromacetic add 
C(C,H 5 )(C 0 . 0 H)(Br)(H) 

77 45 80 I 

eab d 



Phenylbtomacelyl bromide 
C(C.H,)(CO.Br)(Br){H) 

77 108 80 1 

bead 


4 

Dimethyl malate 

C(CHj.CO.OCH,)(CO.OCH,)(OH)(H) 

73 59 1 

abed 

1 + 

1 

i »|- 

Dimethyl bromsueduate 
C(CHj,CO.OCH,)(CO.OCH,)(Br)(H) 

73 59 80 

cab d 


+ 


1 Walden ; Ztschr, phys. Chein., 17, 705. The compounds were made from 
^mandelic acid and had, therefore, a direction of rotation the opposite from that 
given in the table The same is true of the ester of malic acid. 
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j. In homologous series the chmiges in rotatory power and 
product of asymmetry are not parallel in the majority of cases ^ 
but subject to manifold deviations. 

Prom all these considerations it has become evident that the 
principles on which the product of asymmetry is based, are 
not satisfactory It is clear, as Guye^ also admits, that it is 
not alone the masses of the four groups which exert the 
influence, but also their relative positions, the actions whidi 
they have on each other, their configurations, and finally the 
nature of the elements themselves which are important in 
determining the direction and extent of rotation. On account 
of this complexity in the phenomenon, it is unlikely that, even 
through other means, will it ever be found possible to discover 
the numerical relations between amount of rotation and atomic 
structure of the molecule. 

1 Guye and Cliavanne Bull Soc Chun , [3], 15, 195 (1895) Arch phys nat, [4], 
I, 54 (1896) 
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PART FOURTH 


Apparatus and Methods for Determina- 
tion of the Specific Rotation 


87. General Conditions, — In the calculation of the specific 
rotation, the experimental determination of the following date 
is necessary : 

1. The measurement of the angle of rotation a for a definite 
light ray. 

2. The measurement of the length I of the tube for th< 
liquid, in decimeters 

3. The determination of the amount p of active substancf 
in 100 grams of solution. 

4- The determination of the specific gravity d of thi 
solution. 

5. The determination of the amount c of active substanc 
in 100 cubic centimeters of solution. 


A. MEASUREMEITT OF THE AHGLE OF ROTATION 

88. Ordm^ and Polarized Ught.-While in an ordinary hVh 

ray the vibrations of the ether particles take place in ^al 

^ Pe^rendicular to the line of propagation c 

ether narfrfo^ of plane polarized light the vibrations of tli 
rther particles occur m a smgle direction only Such a plan 

is too™ M i) 

“I" "■» 

by aid of the apparatns she which is accomplishe 

be eilowed to Sike "*> 

•f 57-. a.e f r “ “ 

Upwards aud polarised in t) 
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jj^lane of incidence. The proof of this may be given by aid of the 
second mirror B. 

The reflected rays ^ 

first pass through 
the empty vessel 

F, the bottom of ^ 

which is formed of 
a plate of plane 
glass, and strike the 
mirror B under 
the same incident ^ 
angle of 57°. By 
means of the lever 
D and the rack- 
work at E, B and 
the paper screen C 
may be rotated 
around a vertical 
axis . If the mirror 
B has a position 
parallel to A, the 
plane of incidence 
of the polarized rays 
reaching B coin- 
cides with their 
plane of polariza- 
tion, and in conse- 
quence there is a 
considerable reflec- 
tion toward C where 
a bright spot is 
formed by the pen- 
cil of light. On ro- 
tating the mirror B, 
however, the inten- 
sity of the light reflected from it gradually decreases imtil 
a position is reached 90® from the original one, when it 
found that no more light is reflected and the screen 
remains perfectly dark.' The plane of incidence of the jays 

I All of the light IS refracted in the glass and absorbed by the dark bade surface. 



Fig 32. 


O K' 
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is now perpendicular to the plane of polarization. On further 
rotation of the mirror B, it is found that at 180®, that is, in 
the position where the planes of incidence and polarization 
again coincide at B, there is a maximum and at 270® a minimum 
again of reflection, 

89. Rotation of the Plane of Polarization. — Let the mirror B be 
brought into the position of greatest darkness, so that the 
plane of incidence of the rays polarized by the mirror A, and 
reaching B, is vertical to the new plane of polarization. If 
the vessel F be now filled with a cane-sugar solution, for 
example, the remarkable phenomenon is* exhibited in which 
the screen C becomes suddenly bright and remains so until the 
mirror B is rotated through a certain angle. Now, again, as 
a matter of course, the plane of incidence of the transmitted 
rays is perpendicular to their plane of polarization. It follows, 
therefore, that the plane of polarization * of the rays leflected 
through the sugar solution has been turned or twisted through 
an angle equal to that through which B was turned. This angle 
is known as the angle of rotation, 

90, Iceland Spar Prisms. — A pencil of light may be linearly 
polarized by double refraction in crystals, especially in Iceland 
spar, much more perfectly than by reflection. If a ray of 
light falls perpendicularly on one of the faces of a natural Ice- 
land spar rhombohedroii it is broken up, on entering the 
crystal, into two separate rays, unequally refracted and linearly 
polarized in planes perpendicular to each other. If we define 
as the optical axis of the crystal that direction parallel to 
which no double refraction and also no polarization takes place, 
and as the optical principal plane of the incident ray, that plane 
which includes the perpendicular at tlie point of incidence and 
also the optical axis, then the principal plane is at the same 
time the plane of polarization of tlie ordinary refracted ray, 
while the plane of polarization of the extraoi dinary ray is per- 
pendicular to the principal plane. This holds still accurately 
true when the incident ray instead of falling vertically upon 
the surface of the crystal strikes it at any angle, as long as the 
incident plane is at the same time a principal plane of the 
crystal. In the practical applications of these rays in polar** 
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ization instruments it is better to permit only one to emerge,' 
in the direction of the incident light, while the other is elimin- 
ated. This may be accomplished in various ways, most per- 
fectly on converting the Iceland spar into a Nicol prism. 
The polarization prisms,^ described at length below, are used 
in the modern forms of polarization instruments for scientific 
as well as for technical purposes. 

I. Nicots Prism — This, which is the most widely known 
type, is made in the following manner: A rhombohedron, 
abed (Fig. 23), the length of which is fully 
1,^ three times the width, is cut from a clear crystal 
of Iceland spar ; the end surfaces, which make 
onginally angles of 71° with the side edges, are 
polished off so that these angles, at a and be- 
come 68®, and then the prism is sawed through 
in the direction V , d\ After the angles a V d! 
and c d' V are ground down to 90° and the sawed 
surfaces polished they are cemented together again 
in the original position by means of Canada bal- 
sam Finally the side surfaces are blackened and 
** the finished nicol is fastened into a brass frame 
by aid of cork The optical principal plane of 
the prism for all rays falling on the ends as the plane vertical 
to the end surfaces and passing through the optical axis. 

In illustration, if a ray of light whose plane of incidence 
contains the optical axis falls upon one of the end surfaces, 
it is divided on entering into two rays polarized perpendicularly 
to each other In case the entering ray makes but a small 
angle with the axis of length of the prism, the ordinary com- 
ponent suffers total reflection on the cement surface, is thrown 
to the dark side surface and is here largely absorbed, while 
the extraordinary component passes through the cement and 
emerges alone from the second end surface in a direction 
parallel to that of entrance. The plane of polarization of this 
emerging ray is vertical to the principal plane. 

If a small flame at some distance is observed through the 
nicol, under sucli condition that the entering rays make but a 

I Feussiier: “Ueber die Prisraen zur PolansaUon des I/ichtes," Ztschr f In- 
struju., 4,41(1884). Grosse "Ueber Polansationspnsmen," Ztschr f Instrum, 10,44s 
(1890). Halle: “UeberHerstellungNicol’scherPrismen,” V d,D Ges f Mech u Opt, 

143 (1896). 
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small angle with the axis of length of the prism, the eye perceives- 
uniform illumination within acertain limited field, and the planes 
of polarization of the individual linearly polarized rays coming 
through the prism deviate very little from each other, that is, 
within certain limits, they are all polarized perpendicularly to 
the principal section of the nicol. It may then be briefly said 
(although not with absolute accuracy) that when a pencil of 
light passes through a nicol, the emerging light is 'linearly 
polarized, and in a direction vertical to the principal section/ 
The plane of polarization of the light emerging from a 
nicol can be found most simply, empirically, by aid of a 
revolving glass mirror. The light from the prism is allowed 
to strike the mirror under an incident angle of 57®, and the 
glass is then rotated around the rays as an axis until all 
reflected light disappears. According to § 88 the plane of 
polarization of the nicol is now vertical to the incident plane 
of the rays on the mirror. 


2. Harinack-Prazmowski Pnsm —From the natural cry.stal 
,b abed (Fig. 24), the prism a' b' c' d' is cut 
( out and sawed in the direction a' c'. After 
jb' the surfaces a' b' and c' d' and the .sawed 
f surfaces a' c' are ground and poli.shed the 
latter are cemented together. The entering 
^gle b' a' c' must vary according as Canada 
balsam, linseed oil or other tran.sparent 
cement is employed. Although Uie lo.s.s of 
matenal on cutting the crystal is greater 
th^ in the Nicol prism, the Harlnack 
pnsm possesses, notwitlistanding its .shorter 
length, a much greater field of view. Be- 
sides tins, it has the advantage of presenting 
surfaces. In the pri.sm, as de^ 
senbed by Hartnack, the optical axis stands 
v^tacalto the plane of the section a' c' ; the 

through the axis of Ch’ln7^^ 77" 

greater Io.ss of 

n, 85, ,68 (188,) ^*’>®>-Wl*ristrobow«trlache Melhoden, Wien 
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material than in the last prism is suffered in that of Gian. . On 
a symmetrical rhombohedral crystal, two surfaces are ground 
down parallel to each other and perpendicular to the optical 
axis of the crystal ABC (Fig 25); A 

vertically to these surfaces the prism 
ab c d is then cut out and sawed 
through in the direction b d. After 
the surfaces a b and c d, and the cut 
faces b d are ground and polished, 
the two halves are cemented to- 
gether. The angle a b d depends, 
as before, on the kind of cement 
which is employed. 

The Gian prism surpasses the 
others described in having an es- 

sentially larger opening with corresponding length , the field 
of view IS also normal to and symmetrical with the axis of 
length of the prism. This prism may therefore be described 
as scientifically the most perfect form, and for this reason it 
has come into use as the polarizing prism in all good instru- 
ments. As the optical axis of the prism is adjusted parallel to 
the refractive edges b and d of the piece of spar, it follows that 
the optical principal section is a plane through the axis of 
length and vertical to the edge a b. 

91. Polarizer and Analyzer.— If ordinary light from any source 
is passed through a nicol the emerging light, as explained in 
the last paragraph, is linearly polanzed per- 
\ ® pendicularly to the principal section. Such a 

\ linearly polanzed ray may be decomposed, like 
\ ^ \ a force, into two linearly polarized compo- 
\ nents, vertical to each other as regards their 

planes of polarization If then linearly polar- 
\ ized ligiit, the plane of polarization and ampli- 
tude of which is A B (Fig 26), falls on a new 
Nicol, the principal section C D of which 
® makes an angle a with A B, this light may 
be broken up into two components, A E = A B 
cos a and A F = A B sin a. Only the latter com^nent, 
which is perpendicular to the principal section, will pass 


Fig. a6. 
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through, -while the component A E, which is polarized in 
the principal section, is completely extinguished by the nicol. 
Of a linearly polarized light ray only that component can pass 
a Nicol prism which is perpendicular to the principal section, 
and this component is the smaller the smaller the angle which 
the plane of polarization of the entering ray makes with the 
principal section of the nicol If now the nicol is rotated all 
light passes when C D is brought perpendicular to A B ; on 
further turning, the light passing becomes gradually weaker, 
and after reaching 90° (C D parallel -with A B) complete 
darkness follows. On still further turning, the light reappears 
and reaches a maximum of brightness at 180®, and so on. 

Let the following conditions be considered : We place two 
Nicol pnsms between the eye and a small luminous surface at 
some distance, and one before the other in such position that 
their principal sections are parallel with the hue of vision. 
The nicol nearest the light may be in fixed position while the 


one next the eye may be rotated around its axis of length. 
The first one is called the polamer and the other the aytalyser 
The light reaching the polarizer from the luminous surface is 
after passage, hnearly polarized vertically to the principal .sec- 
tion. This next reaches the analyzer If this is at first 


turned so that its principal section is parallel with that of the 
polarizer, the already polarized light suffers no further change 
in passing through the analyzer, and the eye perceive.s the 
field of view brightly illuminated. This is also the case when 
the analyzer is turned through 180®, which brings- the prin- 
cipal sections into parallel position again. If, next, the 
analyzer be so placed that its principal section cro.sses that of 
the polarizer at right angles the polarized light will be com- 
pletely shut off, because now its plane of polarization and the 
^ncipal section of the analyzer coincide. The ray.s entering 
the analyzer behave as ordinary polarized rays until the cement 
ayer is reached and here they are tlirown off by reflection 
ho light can, therefore, pass the analyzer and the field of view 
rmams dark. The same is true after rotating 180®. In all 
^he principal sections of the two nicols 

ana W h S ^ Part of the light entering the 

analyzer will be allowed to pass, and always that component 
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which is polarized perpendicularly to title principal sectk^ erf 
the analyzer. 



92. Polarization Apparatus. — The apparatus shown in Fig. 27 
may be used for the observation of these phenomena. The 
horizontal bar d, supported one ^ 

a stand, carries at one end the ^ ^ 

polarizing Nicol, a, in fixed bljHKih”’” 
position, and at the other the d 

analyzer b, which may be V*! 

turned with its receptacle, by 
means of the lever c, around A 


Its axis. A single of double 
pointer is turned with it over 
the graduated circle fastened 
also to the bar, d Between 
the Nicols the tube, f, may be 
placed, the ends of which are 
closed by glass plates. 

The polarizer is first turned 
toward a source of light, which 
for the sake of greater sim- 
plicity in the phenomenon 



Fig 27 


should be monochromatic, such as given, for example, by a Bun- 


sen burner and sodium carbonate bead. At first the tube re- 


mains empty. On looking through the analyzer and rotating it, 
a position is easily found in which the field appears at its greatest 
darkness Assuming that the pointer is now at 0° on the circle, 
from what was said above it will appear that the second position 
of darkness will be at 180°, and the two bnghtest positions at 
90° and 270°. For the observations, the darker positions are 
more suitable than the light ones, because with the former a 
small motion of the mcol makes a very perceptible change. 

The position of the analyzer at which the field has the 
greatest darkness, is called the zero point of the apparatus. In 
this position the plane of polarization of the light coming from 
the polarizer coincides with the principal section of the analyzer. 
If now the tube f be filled with a cane-sugar solution and 
placed in the apparatus, the plane of polarization of the light 
coming from the polarizer will undergo rotation through a 
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certain angle, a, by action of the sugar solution as explained 
above. In consequence of this, the field of view becomes 


bright. Darkness will come again when the principal section 
of the analyzer is brought into parallel position with the 
rotated plane of polarization ; that is, when the analyzer, 
is turned through the angle «. This angle a may be read 
off on the graduated circle and is equal to the angle of rotation 
of the sugar solution. If after putting an opticaliy active 
substance in the tube, it is necessary to turn the analyzer from o 
in the direction of the clock-hand motion to reach the point 
again where the light disappears, the substance is said to be 
right rotating; if the analyzer is turned in the opposite 
direction to reach the same end, the substance is 


93. Determination of the Direction and Angle of Rotation 

With exception of the Wild polaristrobometer, which lias 
four zero points, all polarization instruments have two zero 
points i8o» apart. We assume, first, that we have to do with 
one of the latter forms. By the aid of such appaiatus we have 
to determine the direction of rotation, and the amount of rota- 
tion of an active substance. After adjusting the apparatus to 
the zero pomt and putting the active substance in position 
the analyzer must be turned say. through + (a certainlv 
to .ha. ,80-), ttatis, in thadock.ha.adL.io;, toTkt 
fte neld agmn. The angle « read off is not yet necessarily the 
angle of rotation ; as regards whole multiples of ± 180° it i« 
yet quite undetermmed. It can only be said that the angle 
of rotation of the substance is equal to ± « i8o», where /is 
either o or a whole number to be determined. In the case of a 
^.bataac, i£ a. flhokn^, of .he Uycr „ a^^ 

dhmeters, or in the case of a liquid if the tube length is not 

iW?t,^° diameters, then, unless thesubstance is one posse/! 
ing unusuaUy great activity, the angle of rotatior/^i?L ^ 

the thickness, or in the case nf ^ one-lialf 

concentration. f f "“t the 

now the angle of rotation will L half^f be employed ; 

pose the angle is now + d . rimnt “before. Sup. 

'1-P, a. simple consideration will show 
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this • If /3 = y the substance is right rotating with an angle 


of a for the full thickness of layer. If /3 = 90® + — then the 

substance is left rotating with an angle of rotation equal to 
a® — • 180° for the full thickness of layer. 

. The direction of rotation of a liquid may be very conve- 
niently found by filling it into the control observation tube, 
with variable length, of Schmidt and Haensch, to be later 
described After putting the tube in place the analyzer is 
moved to the position of darkness ; the tube is then length- 
ened a little, which produces a brightening of the field. If it 
is now necessary to turn the analyzer a few degrees in the 
clock motion direction to secure darkness again, the liquid is 
right rotating; but, on the other hand, if the analyzer must 
be turned in the opposite direction the liquid is left-rotating. 

The determination of the direction and amount of rotation 
by aid of the Wild instrument is more complicated, because 
this possesses four zero points 90® apart. Under the assump- 
tion that the angle of rotation is less than ± 90°, the direction 
and number of degrees of rotation may be found by a plan 
similar to that just outlined, by working first with a layer of 
full length and then with one of half the length. But if 
angles up to zb 180® are possible then a third length of layer 
of substance must be taken which is one-fourth the first 
length. Here also the application of the Schmidt and 
Haensch control observation tube would be advantageous, the 
length being first contracted to one-half and then to one- 
fourth. The position of the Nicol is then always observed in 
the first quadrant, between 0° and 90®, and the graduation on 
the circle follows in this manner, that in the case of a small 
right-rotation of the plane of polarization, with observations 
in the first quadrant, small numbers close to the o are read off. 
The correctness of the following can then be easily demon- 
strated ; if the reading with full thickness of layer is <a:®, and 
if further, with one-fourth this thickness, it is 


0b 



then substance is right rotating with the angle a°, 
then substance is right rotating with the angle 90® -|- a®, 
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= 45 +^» then substance IS left rotating with the angle 180® — a®, 

4 

= 67.5 + “— > then substance is left rotating with the angle 90® — a^; 
4 


Here the angles a, 90° + ct^ 180® — oc, 90^ — ot refer to 
the full thickness of layer. 


Polarization Instruments 

94. Polarization Apparatus and Saccharimeters. — For the exact 
measurement of the angle of rotation diiferent instruments 
have been constructed, which, according to their uses, are 
divided into two classes. These are : 

1. The so-called Polanscopes or PolaHstrobometers , — These 
are used for scientific purposes in the investigation of all 
active substances. They have a circular graduation and 
require homogeneous light. 

2, The Saccharimeters. —These are specially constructed for 
the determination of the strength of sugar solutions. In place 
of the circular graduation, they have a quartz wedge compen- 
sation with linear scale and employ white light. They are 
used chiefly in the sugar industry. 

95. Construction of the Polariscopes. — Before taking up the descrip- 
tion of the special forms of instruments, a short discussion of 
the requirements in a good polariscope will be given, and also 
an explanation of the path of the light rays through the appa- 
ratus ^ The following considerations obtain for all polariscopes 
and sacchariiujeters, with the exception of the Wild instrument, 
which, in principle, is different from all other forms of appa- 
ratus. 

Those optical parts which all polarization instruments have, 
in common, are shown in Fig, 28. The light from the lumi- 
nous body A passes through the lens B into the instrument and 
is linearly polarized by the polarizer C. Immediately in front 
of this is found the round polarizer diaphragm D, which is 
focused on. Then follow the round analyzer diaphragm E, 
the analyzer F, and a reading telescope. In the figure an 

1 See, alsol/ippich: Wien. Sltzunjjsbcr., II, 85, 268 (1882) ; pi, 1059 (1885). These 
considerations on the construction of apparatus and the path of the light rays should 
be carefully followed, in all more exact work, if one wishes to be certain of excluding 
bad systematic errors m the results, 
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ordinary astronomical telescope is shown with the ^ 
objective G, the ocular H, and the diaphragm J, 
in front of which the eye of the observer is placed. 

At the outset, the parts from B to J must be ac- 
curately adjusted with reference to the axis of 
the instrument. Inasmuch, as we shall presently 
see, as all light going through the instrument is 
limited by the diaphragms D and E, at any rate 
in the forms as now commonly constructed, and 
as all bodies to be investigated with reference to 
their rotating power are placed between D and 
E we shall understand as the axis of the apparatus 
from now on, the line which unites the centers 
of the diaphragms D and E. All other optical 
parts of the instrument must be exactly centered . i 
on this line Although the adjustment of the^L 
illuminating lens B need be only approximately 
correct, the polarizer C must be so centered that 
its optical principal section is exactly parallel to 
this axis of the instrument. As regards the size 
of the diaphragms D and E, these must be corre- 
spondingly smaller than the cross dimensions of 
the prisms C and F, so that a sufi&ciently broad 
border of about two millimeters in diameter 
around the edges of the prisms should be ob- 
scured. eIT 

While in the case of the saccharimeters all the 
optical parts are fixed with exception of the ocu- 
lar H J, which is movable in the direction of the 
axis, in the polariscopes the parts E to J may be 
rotated around a common axis. This axis of rota- 
tion, which at most should not be inclined more 
than a few minutes, must coincide exactly with 
the axis of the apparatus. This may be easily 
secured in the smaller forms of apparatus, which, 
like the saccharimeters, can be worked out in the 
lathe, but is realized with greater difiEculty in the 
larger instruments, which are composed of the K 
distinct parts B to D and E to J. It may hap- 
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pen here, that, in instruments most excellent in all other 
respects, ' the inclination of the axis of rotation with refer- 
ence to the axis of the apparatus may amount to as much as 
ten minutes or even more. In order to avoid such an error 
the diaphragm D must be attached after the other parts of the 
apparatus are fastened to the support, and then, if necessary, 
eccentrically with reference to the thread. The optical prin- 
cipal section of the analyzer F must be exactly parallel to the 
g-gis of the apparatus and the axis of rotation, while the 
requirement that the axis of rotation must be at the same time 
the optical axis of the telescope G H J, is one which can 
alw'ays be met satisfactorily. 

But, above all, care must be taken to have the adjustment 
of the prisms C and F, with reference to each other, a fixed 
and unchangeable one, as otherwise constant variations in the 
zero point would result. With the saccharimeters, therefore, 
the pri-sm must be fixed once for all, and in the polariscopes 
the optical principal section of the rotating analyzer must 
remain always parallel to the axis of the instrument. We 
have the following two criteria by which to determine whether 


or not the prisms in the polariscope are properly adjusted and 
free from errors. Fvrsi, the two zero points of the apparatus 
must be exactly iSo” apart ; second, if a lar^e angle, say po°, is 
measured, the two final observation readings 180° apart must 
give exactly the same value for the angle of rotation. 


While with the smaller polariscopes the graduated circle 
generally remains at rest with the rotation of the analyzer, 
and the v^ers only move, m the larger instruments the 
graduated circle rotates with the analyzer.* In order to elimi- 
nate the unavoidable errors of graduation in the circle, the 
analyzer is furnished with a setting which may be rotated 
independently , or the shell to which the verniers are attached 
may be turned through 360°, which is easily done. In this 
way the zero point of the apparatus may be brought to corre^ond 
^ rotation, therefore, measured 

In order to eliminate the 

thf. of rotation does not pass exactly through 

the center of thedisk, two observation verniers, 180° apart, S 
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always attached. Both of these must be read eadi time and 
the mean of the angles, as given by each vernier, taken ; of 
course, with the double reading the error of observation, also, 
is reduced. Besides, the plane of the graduated circle must be 
vertical to the axis of rotation, otherwise, different values for 
the same angle of rotation would be found on different parts 
of the graduation. But such an error is not greatly to be 
feared, as it is not a difficult matter for the instrument-maker 
to fulfil this requirement in a satisfactory manner. 

96. Path of the Rays in the Polariscope. — If one wishes to secure, 
in reality, the remarkable accuracy which may be reached in 
the best forms of polariscopes, it is, above all, necessary to pro- 
^ vide for a perfectly correct course of the rays through the instru- 
ment to the eye of the observer In all accurate polariscopes or 
sacchanmeters, the observer focuses on a field which is made up 
of two or more separate fields, the illuminations of which are 
compared with each other. If full advantage is taken of the deli- 
cacy of this method of reading, the brightness of each separate 
field must be perfectly uniform, and second, with the apparatus 
at rest, the degree of illumination on the several fields must 
remain absolutely constant, or, expressed differently, the dis- 
tribution of the tllummahon in the whole field of view must re- 
main always uniform Both conditions could easily be reached 
if the source of light were uniform in intensity throughout. 
This is, however, never absolutely the case, and it must then 
be determined how the rays may be passed through the apparatus 
in order that the two requirements mentioned may he satisfied^ 
notwithstanding changes and irregularities in the distribution of 
the luminosity of the source of light itself It must be assumed, 
however, that every point in the source of light illuminates 
equally in all directions. This condition will always obtain, 
if the small surface of the illuminating lens, and only such can 
be considered here, is kept at a relatively great distance from 
the source of light, and this will be assumed in what is to come. 

In order to simplify the following discussion let us imagine 
first the two polarization prisms C and F of Fig. 28 removed 
and the two diphragms D and F brought close to the two 
lenses B and G, so that we have essentially only the luminous 
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surface A (Fig* 29), the illtunina- 
tinglens B, which is now focused 
on, and the telescope G H J left. 
We shall consider first the path 
of the rays in the case in which 
polarization prisms are placed 
in parallel light rays. In order 
to realize this condition we must 
choose an illumin ation lens of long 
focus and place the luminous body 
in its focal plane. A is, therefore, 
in the focal plane of the lens B. 
Bet B M represent the axis of 
the apparatus The degree of 
bnghtness under which an ele- 
ment of surface at the point N of 
the illuminating lens is seen, de- 
pends on the cone of rays a N b, 
supposing the luminous surface 
at A large enough to begin with, 
and that all the rays in the cone 
a N b actually pass tlirough the 
reading telescope and reach the 
eye of the observer. Since all the 
rays in the cone a N b were, be- 
fore passing the lens B, in the 
cone Sj N b„ therefore the bright- 
ness at N is proportional to the 
amount of light which is sent out 
from the part a, bj of the lumi- 
nous surface If we consider a 
point at 0 , near the edge of B, 
Its brightness is determined by 
the cone a O b Remembering 
now that A is situated in the 
focal plane of B it follows that 
corresponding to the cone a O b 
we have, before passing the lens, 
the cone O bj, in which, for 
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example, aO is parallel with a^N. The brightness at d 
is proportional, therefore, to the amoilnt of light exait^ 
from of the luminous body. 
the same manner the brightness at ^4 
a point symmetrical with O, is propor- 
tional to the light emitted from the part 
bg of the luminous body. We see, 
therefore, that for every point of B, the 
corresponding part anbn embraces a 
different portion of the luminous body. 

It follows, therefore, that unless the 
area b^ ag of the luminous body is uni- 
form in brightness, the lens B cannot 
appear uniformly bright, and further 
that the distribution of the illumina- 
tion at B, on account of changes in the 
luminous body, may be different at dif- 
ferent times , but if the luminous sur- 
face is narrowed down to the portion 
bg ag, the luminosity in every part of 
B is then proportional to the light 
emitted from bg ag Now, whatever 
the distribution of the light may be in 
the part b, a^, the lens B will appear 
uniformly bright, as in principle it is 
required to be. 

If the diameter of the diaphragm B 
IS represented by and that of the 
diaphragm G by d^, the distance be- 
tween the two diaphragms by c and the 
focal distance of the lens B by /, a 
simple examination shows that the di- 
ameter e, of the diaphragm in front of 
the light, that is bg a^, is determmed 
M ^ by Ihe expression, e =/(^2 f 

Fig* 30‘ ^ If then, the lens B is to appear uni- 

formly bright, the objective G must be so chosen as to be larger 
than the field of view on B, and care must also be ta^cen to 
shut out so much of the Ught by means of a diaphragm tbm. 
ai 
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the luminous disk remaining is smaller than —c. 

Essentially simpler and more favorable are the conditions 
when the polarization prisms are placed in convergent light. 
In Fig 30 let A again represent the luminous surface, B the 
illumination lens to be focused on, and G H J the reading 
telescope We give the light A such a position that its image 
is produced 1 through B.at G, which may always be easily done 
by properly choosing B Then the brightness of the point N on 
the illumination lens is determined by the cone aNb, equiva- 
lent toajNbi. The brightness of N is thus proportional to 
the amount of light emitted by aj bj If we consider another 
point 0 on the lens, its illumination will be determined by 
aOb This corresponds to ajOb^ as a b is the image of 
The brightness at O is, therefore, also proportional to the light 
emitted by El bj Each point on B consequently receives its 
light from the part ajb^ of the luminous surface, so that the 
lens B appears uniformly illuminated, however the distribu- 
tion of the luminosity in the source of light may be changed. 
If any part of a^bj be shut off by a screen, the total illumi- 
nation of the field of view, B, will be decreased, but the 
uniformity of the light will remain undisturbed. It may be 
looked upon then as an important rule which should always be 
followed, that the source of light should be given such a 
position that its image may be thrown upon the telescope 
objective by the illumination lens B 

In the forms of apparatus now common, the entering light 
rays are not limited by the diaphragms of the illumination 
and telescope objective lenses, but by the polarizer and 
analyzer diaphragms, and it is the polarizer diaphragm which 
is focused on, and which therefore must appear uniformly 
illuminated. This will always be the case, as may now be 
readily understood, if the source of light is given such a position 
that its intage^ through the illumination lens^ is ihrotvn on the 
analyzer diaphragm^ it being understood, of course, that none 
of the ray bundles appearing between the polarizer and analyzer 
diaphragms, if followed back to the light or forward to the eye, 

1 To determine tins, hold a piece of white paper over the analyzer diaphragm and 
a pointed wire just in front of the source of light ; then the light, with the wire, is 
given such a position that a sharp image of the point is produced on the paper at the 
diaphragm opening. ^ • 
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suffer a partial interniptioti As may be ¥hown easily, th^ 
diaphragm / of the illumiiiatioti lens must be taken greater 
than igi + -f hk) z, and on the other hand, the 
diaphragm n of the telescope objective must be larger ttiati 
(hz + hm + gni) -r- 2, where ^ represents the diameter of the 
polarizer diaphragm, h the diameter of the analyzer diaphragm, 

% the distance between polarizer and analyzer diaphragms, k 
the distance between polarizer diaphragm and illumination 
lens, and finally, the distance between the analyzer 
diaphragm and telescope objective. As may be seen, the 
polarizer and analyzer diaphragms may have the same or dif- 
ferent openings ; but, it is preferable not to make the polarizer 
diaphragm too small, as the sensitiveness of the readings 
becomes less with smaller field of view, and to take the 
analyzer diaphragm as large as possible, as the brightness of 
the field increases with its size. As regards the focal length 
of the illumination lens it is desirable to produce a full-sized 
image of the source of light with it, and this focal length 
should be, therefore, equal to half the distance between it and 
the analyzer diaphragm, with the light placed at a distance 
from the illumination lens equal to the distance between the 
latter and the analyzer diaphragm. It is always good to place 
a screen immediately in front of the light, and to choose its 
size so that the image of the opening m this screen on the 
analyzer diaphragm is a little larger than this diaphragm. 

If the diameter n of the telescope objective is taken large 
enough, all the rays coming from the analyzer diaphragm will 
pass through it, and it only remains to provide that these rays 
actually reach the pupil of the observer’s eye, as the two dia- 
phragms of the ocular and eye-piece cap may always be chosen 
large enough. In order to secure the first it is simplest to 
arrange the construction so that the pupil may be brought 
exactly in the plane of the ocular circle^ or^ more accurately stated^ 
in the plane of the image of the analyzer diaphragm produced 
by the telescope. By rightly choosing the magnification it is 
easily possible to keep the ocular circle within a diameter of 
about 4 mm , so that all rays may pass through the pupil. 
But it is not even necessary to keep the ocular circle smaller 
than the pupil, because the shutting off of the part of the 
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circle outside of the edge of the pupil will not alter in any 
manner the distribution of the illumination as it appears on 
the polarizer diaphragm, since the ocular circle is the image 
of the analyzer diaphragm, and therefore, at the same time, 
the image of the source of light. A part of the light may, 
therefore, be screened oS by the pupil, which, as explained 
above, decreases the total intensity of illumination of the field, 
but does not change its uniformity. But in order to keep the 
field of view as bright as possible, it is always preferable to 
keep the ocular circle smaller than the pupil. It follows also 
that as long as the pupil is kepi in the plane of the ocular circle^ 
changes in the position of the eye may he as great as desirable 
without altering the uniform distribution of illumination of the 
field of view But the case is quite different if the pupil is not 
brought into the plane of the ocular circle, because now the 
bundles of rays from different parts of the field of view may 
be unevenly screened or obscured by the pupil, in consequence 
of which the illumination of the field may no longer appear 
uniform. Therefore only astronomical telescopes with con- 
vergent oculars may be used, while the ordinary Galilean tele- 
scope, in which the ocular circle lies within the instrument, 
should be avoided ; commonly a magnification of four to six 
diameters is chosen In order to be able to bring the pupil 
with certainty within the plane of the ocular circle, the eye- 
piece cap must be always so attached that the circle is formed 
a little beyond it ; the pupil will then he in the ocular circle 
plane when the eye is held pretty close to the eyepiece cap 
If in this way a /Jierfectly normal path of the light rays 
through the apparatus and to the eye of the observer is pio- 
vided for, no zero point or observation errors will be occa- 
sioned by changes in the illumination flame or by deviations 
in the rays themselves. It has thus far been assumed that no 
rotating substance is in the apparatus, which is the case in the 
zero point adjustment. But if this condition is not true, as, 
for example, when a substance with refractive index greater 
than that of the air is present in appreciable length (a filled 
tube), then the course of the rays as outlined will no longer 
exactly hold true. In order to focus the telescope sharply on the 
polarizer diaphragm, the eyepiece must be adjusted again, and 





the image of the source of light will no longer be foi»ed at the 
analyzer diaphragm. It may, however, be easily provided for 
that the path of the light shall remain perfectly correct when 
the zero point determination is made and also when a filled 
tube is in position, which question, however, will not be taken 
up in detail at this time. 

The rotating substances and observation tubes must be per- 
fectly centered with reference to the axis, and care should be 
taken to have the diaphragms on the observation tubes some- 
what larger than the polarizer and analyzer diaphragms, in 
order that none of the light rays normally in the field of view 
may be screened off. Finally, it may be remembered that it is 
an error to place lenses, or glass vessels with absorbing hquids 
to purify the light, between the polarizer and analyzer. 

97, Making the Observation. — In order to avoid repetitions in 
the descriptions of apparatus, the general method of carrying 
out an observation will be explained here Take first the case 
of measuring the angle of rotation of a substance with an 
instrument which has two zero points 180® apart. After the 
light is so arranged that a sharp image of the screen opening 
in front of it is thrown on the polarizer diaphragm by the 
illumination lens, the telescope is sharply focused on the 
polarizer diaphragm. By now rotating the analyzer several 
zero point observations are made at each side of the graduated 
circle, and in all more exact work both verniers should be 
always read off After inserting the rotating substance the tele- 
scope is again isharply fomsed. On again making a sufficient 
number of adjustments and readings on both verniers, and 
then more readings of the zero point after removal of the 
active substance, we obtain by subtraction a mean value of the 
angle of rotation from which the eccentricity of the gradu- 
ated circle is eliminated. If now the observations are repeated, 
starting with the second zero point i8o° from the first, the same 
angle of rotation should be found, provided the polarization 
prisms are properly constructed and centered, and the angle 
of rotation itself has not changed Otherwise the mean of 
the two values must be taken and this considered as the true 
angle of rotation. Between the different observations it is 
well also to rotate the substance or polarization tube in order 
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to compensate errors which may arise from imperfect parallel- 
ism in the end surfaces of the observed substance. With the 
Wild polaristrobometer one must naturally make readings, in 
all accurate work, in each of the four quadrants of the circle 
and then take 'the mean of the four angles so determined ► 
If the rotation of a cane-sugar solution is to be fduiid- by the 
aik of a saccharimeter, the light is arranged, as before, so that 
a sharp imhge df the froht screen is formed by the' illumin- 
ating lens at the analyzer diaphragm. From the zero poiht 
^reading and those made after pldcing the polarizing tube in 
position, the rotation is obtained by subtraction. Between 
readings the tube should be rotated around itS' axis In 
technical .work where numerous observations are made, one 
■after the qther, a few readings ate sufficient to secure exact re- 
sults ; itf.is also enough to determine the zero point every hour 
In order 1;o keep all outside light from the instrument the 
room should be at least partly darkened ; and in general it 
may be said that the darker the room the greater is the 
accuracy in observation 

a Older Forms of A pparatus. 

I. Biot (Mitscherhcli) Polari scope ^ 

98. Description of the Instru- 
ment. — This, the simplCvSt of all 
polaristrobonieters, first made 
by Biot, and which was referred 
to in §92, consisted of a stand, 
polarizer, analyzer, and gradu- 
. ated circle Tater, the polar- 

izer was provided with a small 
circular diaphragm to which 
the eye was to be accommoda- 
ted, and in order to increase 
the intensity of the illumina- 
tion, a small double convex 
lens was added in front. The 
Mitscherlich apparatus is 
shown in Fig. 31. The two 
polarization prisms are at- 
tached at the ends of a hori- 

1 Biot Anil chlm phys , [2], 74, 401 (1840). Mitscherlich I^qhrbuch der 
Chemie,” 4th ed , 1, 361 (1844), 



Fig 31 




OBSIJRVATION WITH HO^OGE^Nil^OtJS UGHT $2f 

zontal bar of brass or wood. The polarizer and the illumina- 
tion lens are found in a brass tube a, which may be rotated, if 
necessary, and then made fast by turning the small screw e. The 
supporting frame of the analyzer b, which may be rotated, is fur- 
nished with a handle, c, and two pointers, which have either a 
simple index mark or vernier, and which move over the fixed 
graduated circle The divisions are in degrees, and the read- 
ings may be made to tenths of a degree. The polarization tube 
may be laid m between the two prisms and has usually a length 
of 20 cm If the pointers are furnished with verniers, the 
alidades to the right and the 
left of the index zero are divi- 
ded, so that I o divisions on the 
scale equal 9° on the circle, 
which permits a direct reading 
to one-tenth degree In the ad- 
joining Fig 32, the zero of the 
vernier does not quite reach the third degree mark on the cir- 
cle, to the right, and the sixth vernier mark is the first one 
which makes a coincidence The alidade reading is, therefore, 
+ 26® A fuither improvement in the Mitscherlich instru- 
ment was the addition of a small reading telescope in front of 
the analyzer. 

99. Observation with Homogeneous Light. — In the use of the 
apparatus it is preferable to employ homogeneous, yellow 
sodium light, and so find the rotation for the ray D. To find 
the zero point, the polarization tube is placed in position, either 
empty or filled with water, and then the analyzer is turned 
until the position of maximum darkness is reached If the 
round field of view is at all large, complete darkening of the 
whole field does not occur, but a black band is ob- 
served,' the edges of which grow gradually lighter 
(Fig 33), and this IS brought as nearly as possible 
to the center of the field by moving the analyzer. 

On repeating this several times and taking the mean 
of the readings, the true zero point is found If it is desired 

1 For the theory of this, see lyippich, “Ueber polanstrobometnsche 
Methoden," Wien. Sitzungsber., II, 85, 268 (1882) 
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. -J »<= nparlv as possible with the zero of the 
to have this coinade necessary, the index is first 

graduation, after loosening the screw e (Fig. 31), 

brought to zero, an 1 appears in the mid- 

»“• 

of the instrument. ^ active liquid is 

I, .ow appears bright agail., and 

pl^inpe®! ^ analTaat through a certain angle, 

it IS nece^ary .option of the substance, to cause the 

e^naltotheangle of r^hoa^^^^ ^ 

STtion of direction of fe‘f »“ »“ and 5,7 The 
«,Pi9ii error in the readings is about ± o. i . 

This form of apparatus is employed at the present tune only 
m the determination of rotation dispersion. 

I!* j^/iTfOrW 


100 Description of the Instrument.-Robiquet made the 
MitsJherUch apparatus much more sensitive by adding to the 
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polarizer the double quartz plate, constructed by Soleil, the 
theory of which is given in the next paragraph. Robiquet’s 
instrument is shown in Fig. 34. A brass trough with a sec- 
tion of half a circle, a b, which may be covered by a corre- 
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Spending lid, c, forming a tube, carries at one end in a fixed 
shell the polarizing Nicol, d. In front of this is the illumi- 
nation lens e, and at the other side, at f, the Soleil double plate. 
At the other end of the trough is the rotating analyzer g, and 
a small Galilean telescope, consisting of the objective h and 
the ocular i. The analyzer is turned by aid of the lever k ; 
the angle of rotation is read off on the graduated circle 1. 
Glass tubes, p p, containing the liquid to be examined are laid 
in the trough. The whole is supported on the stand o, 

101. Theory of the Soleil Double Plate. — ^The biquartz consists 
of two equally thick quartz plates, one of which 
IS left rotating, the other right rotating, cut vertically 
to the optical axis and cemented together. The last 
grinding and polishing are carried out after the pieces are 
cemented together, in order to have them of the same thick- 
ness exactly. If linearly polarized white light falls now 
upon the double plate from the polarizer, it will exhibit, m 
consequence of the rotation dispersion in going through the 
plate, a senes of colored bands to each side of the center. The 
analyzer following will not allow those rays to pass, whose 
plane of polarization coincides with the principal section of the 
analyzer. If these are the yellow rays, those remaining which 
pass through, yield a mixed color of a pale blue violet shade, 
which, with the slightest turn in the analyzer, turns to either 
red or blue, and which is designated as the sensittve or tran- 
sihoii hilt (teinte de passage) Inasmuch as the two halves 
of the biquartz can have the same color only when the princi- 
pal sections of the polarizer and analyzer are parallel or per- 
pendicular to each other, the two quartz plates are given such 
a thickness that they rotate the yellow rays to the right and 
to the left exactly 90° or 180°. For the first, the thickness 
must be 3.75 mm., since Biot found that i millimeter of quartz 
rotates mean yellow light through 24®, and we have then the 
proportion, 24® : i :. 90® : 3.75. In this case, the principal 
sections of the polarizer and analyzer must be parallel to secure 
the transition tint. If the biquartz, on the other hand, is 7.5 
mm. thick, so that the yellow rays are rotated through 180®, 
then tlie transition tint will appear by crossed position of the 
Nicols. If the analyzer is now turned a little from its vertical 
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or parallel position witli reference to the polaiizer, one-half of 
the field will appear blue, the other distinctly red. This 
simultaneous appearance of the red and blue colors makes the 
observation with the Robiquet apparatus more sensitive than 
where light and shade follow each other, as is the case in the 
Mitscherlich apparatus. 

102. The Observation.— The Robiquet apparatus requires 
white light and furnishes us with the angle of rotation for 
mean yellow light', which!, following Biot’s sugge.stion, is 
represented by Oj. Although the position of the line sep- 
arating the two halves of the double quartz is a matter of 
indifference, the latter is generally so placed that the division 
is vertical The telescope is sharply focu.sed on this line of 
separation by proper movement of the ocular. The obser- 
vation tube is not yet to be placed in position. By turning 
the analyzer it is a simple matter to bring out the transition 
tint as a perfectly uniform shade on the two halve.s of the 
field. The position of the analyzer corresponds then f.o one 
zero point of the instrument , the other zero point issejiarated 
from this by i8o°. If now the tube containing the active 
liquid is placed in the trough the uniformity of color dis- 
appears. The analyzer is then to be turned until tlie equality 
of the shades on the two halves of the image returns , the 
angle through which the analyzer had to be tinned is equiv- 
alent to the angle of rotation of the substance, or,. But the 
latter must not be too large, because it could then happen that 
the transition tint would no longer be sharply defined. On 
the relation of angles of rotation, aj and a,,, see 8 152. 

In order to recognize whether the active substance is right- 
rotating or left, it is necessary to determine, once for all, with 
the particular instrument, the position of the red or blue field 
when a body with known direction of rotation, right rotating 
cane-sugar for instance, is between the Nicols. If the sub- 
stance under investigation shows the same arrangement of tlie 
two colors it, likewise, must be right-rotating; if, on the other 
hand, ^e shades are reversed, the body must be left rotating. 

In addition, with a nght-rotating body, uniformity of color on 
the two halves of the field reappears when the analyzer is 

turned in the clock-hand direction, whUe with a left-rotating 

body the motion of the analyzer must be the reverse. 
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The mean error of a reading is about ±: 4 minutes of arc 
The apparatus of Robiquet suffers from several drawbacks 
In the first place it gives a determination of only and can 
not be used for homogeneous. light. Secondly, an absolutely 
accurate determination of the angle of rotation is not possible, 
because after putting the observation tube in position, 
especially if the liquid is somewhat colored, the transition tint 
never shows exactly the same shade that appeared in the zero 
point determination, and in consequence of this, indeterminable 
systematic errors are introduced. Finally, the readings may be 
quite inaccurate with those deficient in a sharp sense of color, 
and for the color-blind the use of the apparatus is impossible 
,For these several reasons it is scarcely used at present, and can 
be employed at most only for approximate determinations of 
the rotation. 


Wild's Polanstrobometer ^ 

103. Description of the Instrument. — This instrument, which 
was brought out by Wild m 1864, but which to-day finds only 



limited use, gives much closer results than either of the pre- 
viously described polanscopes The peculiar feature of the 
iiistriimeiit consists in this, that a Savart polanscope is placed 
between the polarizer and analyzer, the former of which may 
be rotated, and this combination gives rise to a series of dark 
bands which disappear with a certain position of the polarizer. 
This point, which may be sharply observed, is the one looked 
for in making the readings. For light, the sodium flame is 
commonly used, but any homogeneous light may be employed 

The arrangement of the instrument is shown in Figs 35 .and 

1 wild ; Ucber eiitt »eu^s ;polaristrobometer, Berne, 1S65. 
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36. The identical parts are shown by small letters in Fig. 35 
and by large letters in Fig. 36. 

A bar of brass, Y, which is supported on a stand, X, and 
which may be moved either vertically or horizontally, carries 
at one end the polarizing, and at the other, the analyzing, 
appliance. I/ight passes into the tube b through a, and reaches 
the polarizer d through the round diaphragm c which has a 
diameter of about 10 mm. The brass work holding the,se 


K 



bands, consisting of two Iceland spar plates z mm in tl^i f 

angles. Two lenses h and i^foll/ c^'oss at right 

“agnifying power (about s T' ® telescope of low 
focusingthelatteTunonlf diameters), with adjustment for 
g latter upon distant objects. A mnad diaphragm, k. 
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holding cross hairs in X position, and having an opening of 
about 4 mm., is placed between the two and in the focus of h. 
Finally comes the analyzer 1 , which is ordinarily so fastened 
that its principal section stands horizontally. The crossed 
principal sections of the double plates g, must make angles of 
45° with the latter. In order that the positions of the two 
parts g and 1 may remain fixed with reference^ to each other, 
the draw-tube of the ocular in which the nicol 1 and lens i are 
placed, is furnished with a guide The whole polariscope is 
contained in a shell Z, attached to the bar Y, and may be 
rotated through a small angle. For this purpose the shell has 
a widened guide slit and two set screws, m m, which hold 
between them a small projecting piece standing out from the 
polariscope tube. This last arrangement serves for the adjust- 
ment of the zero point of the apparatus At n a round disk 
screen is fastened which keeps outside light away from the 
eye of the observer. 

In order to rotate the polarizer d, the setting holding it, along 
with the attached circular disk, fits into a solid ring fastened 
to the bar Y On the side of the disk toward the observer 
there is a toothed wheel into which the small pinion wheel o 
works, and this is operated through the rod q by means of the 
button p Near the periphery of the disk there is a 
circular graduation, adjoining which is a fixed vernier or simple 
index r The graduation may be read by aid of the telescope 
s which consists of the adjustable ocular t and the objective 
lens u At the end of the telescope, at v, there is a small 
inclined mirror, with round opening m the center, which 
serves to reflect light on the scale from a small flame carried 
on the arm w. Finally, it should be mentioned, the instru- 
ment is usually made to hold observation tubes up to 22 cm in 
length. 

104, The Observation. — In carrying out an observation, after 
putting an empty tube in the apparatus to find first the zero 
point, the polariscope ocular is drawn out until the cross hairs 
are sharply defined. The polarizer is now turned by aid of 
the button p (Fig. 35), until a position is found in which the 
illuminated field appears to contain a number of parallel dark 
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banda or frmgea (F.8- 37 . -)• B? ‘“"‘•'■S H'«« 

te™ to fade o«, aod finally a po.nl is reached where a dear 
part, free from bands, nms thiough the 
field. By a slight motion of the button 
' to and fro, this bright part i.s brought as 

nearly as possible to the middle of the 
field leaving, on each side of the cross 
liairs and equally distant from the center, 
I, parts of the fringes still visible. Thispo- 

^ sition IS the one at which a reading of 

t the graduation is made. If the polarizer 

: is turned further the bands become 

stronger to a certain maximum, then 
weaker followed by di.sappearancc, and in 
F>»- 37 a complete rotation of the circle this phe- 

nomenon is repeated four times at intervals of 90°.’ Ordina- 
rily m each one of these positions the remaining fringes .show 
some charactenstic form which should be remembered. The 
extinction of the bands corresponds to those positions of the 
polarizer at which its principal section coincides with the 
principal section of one of the crossed pieces in the Savart 
double plate, while the greatest intensity of the fringes is found 
when these sections make an angle of 45° with each other 
If it is found that the bright part of the field ivS so broad that 
the fringes right and left from the center no longer show, then 
the luminosity of the source of light must be diminished until 
the portion free from bands has grown narrow enough. The 
decrease in the width of the portion free from fringes follows 
from this, that the eye, on diminishing the total illumination, 
acquires greater sensitiveness in recognizing differences in 
intensity, and may therefore follow the fringes further to the 
points at which they totally disappear, than would lie po.s.sible 
with a brighter field. 


If the movable Nicol is brought to one of the four zero points, 
and the empty tube replaced by one filled with an active liquid, 
the interference bands appear anew. On passing through the 
active layer, the plane of polarization is rotated through a cer- 
tain angle, and in order to place this again parallel with one of 
> For the theoty of these bands see WUlner’s “leUrlniCIi der FhysHs.," 4th «d , », 
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the principal sections of the Savart double plate, the polarizer 
must be turned through an equal angle in the opposite 
direction The disappearance of the bands follows then as 
before The angle through which the polarizer must be 
moved to bring about the extinction of the bands is, 
therefore, the angle of rotation of the body placed between the 
Nicols. The circular disk must consequently be turned in a 
direction opposite to the clock-hand motion when the body is 
right rotating and vice versa. In respect to the button P p, 
Figs, 35 and 36, on which the hand of the observer rests, the 
motion here corresponds with the direction of rotation of the 
substance. If the flgures on the circle, like those on a clock 
face, run from left to right, as is usually the case, the readings 
with a right rotating body give larger numbers and those with 
a left-rotating body smaller numbers than are shown in finding 
the zero point In regard to the method of observation and 
determination of the direction and amount of rotation, see §97 
and § 93. 

The mean error of a reading is about ± three minutes of arc. 


/?. Half-Shadow histruments. 

105. Principle of the Half-Shadow Apparatus. — In these polar- 
istrobometers, the characteristic sensitive part is so constructed 
that the field of view is divided into two or more surfaces, 
which, with a definite position of the an- a 
alyzer, show a uniform degree of partial 
shadow This point is employed in the 
observation. On account of the rela- 
tively low luminosity of the field in the 
neighborhood of this point, these instru- 
ments have received the name of half- 
shadow apparatus (polarim^tres k pd- 
iiombre) , 

The half-vShadow instruments all con- 
tain an illumination lens, the polarizing ^ 
appliance, which does not consist in a 
simple nicol alone, the analyzer, and a reading telescope. To 
take the simplest case first, let us consider the polanzer so made 
that it furnishes a field, A B C D (Fig. 38), which appears to 
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be divided into two halves by the line E F, and in such a 
manner that all rays coming from the surface A E F D 
are linearly polarized m the direction of G H, while all 
rays which come from E B C F are linearly polarized 
in the direction G J. According to §91, the polarizer 
will pass always such rays only as are polarized ver- 
tically to its principal section. Let now G H =: a and 
G J = d represent also the amplitude of the light vibration.s, 
which, in reality, as will be seen later, never differ much from 
each other. The angle H G J = w, which the two direction,s 
of polarization make with each other, is usually made smaller 
than about 10°. Imagine the analyzer turned so that its prin- 
cipal section G K falls within the angle a, and repre.sent the 
angle H G K by Then, when L M is perpendicular to 
G K, the analyzer allows of a the component G N ~ sin fi 
to pass, and of the vibrations b the component G 0 sin 
{a—P') The smaller the angle a is made, the .smaller these 


two components become ; that is, the greater becomes the 
shadow on the field of view ; the angle a is, therefore, briefly 
termed the half-shadow It appears further that for /S - o, 
G N = o ; that is, when the principal section of the analyzer 
coincides with the direction of polarization on the surface 
A E F D, then the surface becomes perfectly dark ; likewise, 
G 0 = o for ^ = a ; that is, the surface E B C F bccome.s 
perfectly dark when the analyzer principal section coincides 
. with its direction of polanzation The half shadow a may be 
most simply and easily found when the analyzer is so turned 
that the one surface is perfectly dark, and then until the other 
surface is in the same way obscured ; the angle between the 
two positions is equal to the half-shadow oc. 


As remarked above, in making an observation with a half- 
shadow instrument, the point for final reading is .sought when 
Ae two surfaces show exactly the same degree of illumination. 
This is the case when G N = G O or tan ^ sin or/ (« -f. 
cos a). From this equation a definite value for yS follow.s • 

1®,’ one position of the analyzer at which 

tte field shows an absolute uniformity of shadow. Uniform 

tamed 

UaongU i8t> from tins first position, ss then the principal 
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section has the same position as before. Accordingly, all half- 
shadow instruments possess two zero points i8o® apart. If 
the principal section of the analyzer is turned out of the half- 
shadow angle a and parallel to the junction line of H J, it will 
follow, too, that in this case the illumination of the two halves of 
the surface will be the same, but the light is so little weakened 
by the analyzer that the whole field appears now very bright. 
But the eye is not able to distinguish slight differences in 
illumination between two bright ^lights, and for this reason the 
position of the principal section parallel to H J cannot be em- 
ployed in the observations. On the other hand, when the 
principal section is at its zero position within the small half- 
shadow angle, the field is pretty dark. The intensities of the 
light passing the analyzer from the two surfaces are to be 
taken as proportional to the squares of the two amplitudes, 
G N and G O, as the vibrations take place simultaneously in 
the same medium. But these amplitudes, because of the small 
value of are very small as compared with the amplitudes a 
and If then, the analyzer is turned but very little from its 
zero position, the one surface will become bnghter and the 
other darker, which the eye can sharply recognize, because of 
the slight general intensity of the whole field. As the polar- 
izing arrangements in all half-shadow instruments are so made 
that a and b are very nearly the same, it follows from the 
above equation that in the zero position /? is always nearly 

equal — The analyzer principal section is then always so 

adjusted that it very nearly bisects the half-shadow angle. 

As can be seen, the form of the two surfaces, the dividing 
line between them and their relative positions to each other, 
do not come at all into consideration One surface may lie 
wholly within the other, and the line between them be then a 
circle ; or we can imagine to the right of the surface E B C F 
another surface which shall have the same properties as the 
surface A E F D , that is, its light polarized in the direction 
G H. We have now a field of view in three parts, in which 
the three surfaces must show the same degree of illumination 
when again the principal section of the analyzer bisects the 
half-shadow angle. As will be seen, all these cases have been 
applied in practice in the most different ways. 

22 
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io6. Influence of the Source of light.— In all the following con- 
siderations, for the sake of simplicity, we shaU assume a field 
of view with double surface, as the explanations hold good, or 
at most with very slight exceptions, for fields with more di- 
visions. If we illuminate a half-shadow apparatus with 
homogmeous light of definite wave-length, bring the analyzer 
to the zero point so that the two fields show the same intensity, 
and then insert an active substance, the two directions of 
polarization will be turned through exactly the same angle by 
the latter. The half-shadow angle a remains, therefore, con- 
stant. To find now the amount of rotation of the two planes 
of polarization, the analyzer is turned until the field of view 
becomes uniformly shaded as at the start. If now the prin- 
apal se'^tjoTi of the analyzer should not have exactly the same 
position with reference to the two planes of polarization,' which 
it had when the zero point was found, a systematic error mu.st 
obtain somewhere and the angle of rotation of the analyzer 
would not give, directly, the rotation of the two planes of 
polarization. The prinapal section will maintain its relative 
position to the two planes of polarization only when the rela- 
tion of the intensities of the light in the two fields is not 
altered by the active substance.' But this obtains for homo- 
geneous light as the two intensities are weakened by reflection 
at the end surfaces and by absorption in exactly the same 
manner Therefore with homogeneous light the angle of 
rotation of the analyzer is equal to the angle of rotation of the 
active substance. 

This IS the proper place to again emphasize how important 
it is, and especially with half-shadow instruments, to be cer- 
tain that the course of the rays through the whole apparatus 
to the eye of the observer is perfectly correct. If, in illus- 
tration, in the above case one of the pencils of rays only were 
to suffer a partial obstruction by insertion of the active sub- 
stance, it would necessarily follow that the relation of the two 
intensities would be altered and consequently a diaiige brought 
about in the zero point position. It will be recognized also 
how essential it is that the light which reaches the polarizing 

* According to §105 tan ^ = 4 sin a / (o + ieoja), or tan |S = sin «/ j- + co»«) J /8 la 
thetetOTC dependent only on the relation o • 4 * 
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mechanism, independently of the distribution of the intensity 
in the source of light, must be perfectly uniform, as otherwise 
the relation of the two field intensities would undergo con- 
tinuous changes. Variations in the total intensity of the light 
reaching the polarizer would then naturally leave the relation 
of the intensities of the emerging- lights unaltered, and thus 
give rise to no displacement of the zero point. 

The question will now be discussed, to what extent the zero 
point is changed by use of different colored lights in instru- 
ments, the polarizing mechanism in which, is uns3nnmetrically 
arranged. This is the case, for example, m the haurent and 
lyippich polarizers in which the light of one-half of the 
field has to pass through one more prism than that of the 
other, from which cause the intensity of the first light is weak- 
ened by reflection and absorption. The relation of the light 
intensities must therefore vary with the wave-lengths, and 
then the zero point of the apparatus also. As long as one is 
working with homogeneous light, these zero point displace- 
ments amount to but a few seconds of arc, as may be readily 
found by calculation, but in very exact investigations even 
this should be considered, as in the best half-shadow instru- 
ments the mean error in a reading is counted now by seconds 
only But the case is very different when white light is used, 
as is the custom in all half-shadow sacchanmeters Then the 
light on one field is not only weakened, but it becomes changed 
in composition also, as the absorption and reflections change 
with the wave-length Zero-point variations up to nme 
seconds may be found here by employing white lights of dif- 
ferent sources. When one considers the difference in the 
composition of the light on the two fields, it will be understood 
how the zero point may be altered even a whole minute when 
at any position between the polarizer and the eye, some sub- 
stance is placed, for example, a dichromate plate, whic^ 
absorbs some rays relatively strongly. For this reason, it is 
therefore wrong in principle in finding small rotations of 
strongly colored solutions, in order to escape the trouble of pro- 
curing an intense sodium light, to examine them in a half- 
shadow instrument or saccharimeter with white hght, and witk 
a degree of accuracy which is but a fraction of the systematic 
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error from zero-point displacement, which may also vary in 
differently colored substances. I'his method of finding an 
angle of rotation with white light will be criticized from 
another standpoint in § 153. 

107. Calculation of the Sensitiveness. — The accuracy which may 
be reached in half-shadow instruments, is measured by the 
delicacy with which one can judge of the uniformity of shade 
on the two surfaces of the field of view. If the analyzer is 
turned through the small angle A /3 from the position in which 
the two fields appear to have the same brightness, the illumi- 
nations of the two fields may differ by an amount expressed as 
P per cent. On the assumption that in the zero position, the 
principal section of the analyzer bisects the half-shadow angle, 
it may be shown in a very simple manner that between the 

quantities ct, A / 3 , and p, the relation p — 4.00 A /3 j t&xi ~ 

exists, when J yd is expressed in absolute measure; that is, when 

90° is taken as — . If ^ is measured in seconds of arc, 


then / = 0.00194 ^ ^"/tan ~ m per cent. 

Let ns assume, in order to have an illustration, that the 
bnghtness of the field and the sensitiveness of the eye will 
admit of a photometric accuracy of / = 2 per cent., then it 
follows from the above formula that errors m reading A 8 
become smaller in proportion as the half-shadow « is decreased. 
In the following table are given certain values of a, and the 


a 

10 ° 

8° 

6° 

4“ 

2 ® 

I® 

AP j 


n" j 

S 4 " 


iS'-' 

9 " 


30' 

4 -" 


1,’ 7 t. T ■ ° smallest eixor in the read- 

ing the half-shadow must be chosen as small as possible 

_ inasmuch as with decreasing half-shadow the total illu* 
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field of view which is too dark, the sensitiveness of the eye 
in recognizing differences in illumination decreases, and />, in 
consequence, grows larger and with it J For a given 
source of light the error in reading, /S yS, for a certain value of 
o£^ reaches a minimum, and the brighter the source of light 
the smaller may a be to give it. We have then the follow- 
ing rule : Let the source of light be chosen as bright as possible^ 
and the half'-shadow as small as possible ^ but at least so large 
that the eye may make the required reading without great effort, 

io8. Methods of Observation. — ^We are concerned here with the 
operations which the observer follows in order to secure equal 
illumination in the two fields. We shall discuss but a few of 
the commonly practiced methods which, however, when prop- 
erly carried out, all yield good results. 

If one moves the analyzer rapidly to and fro past the zero 
point, the dividing line in the field being sharply focused, one 
has an impression as if made by a band of shadow passing 
parallel to and across this dividing line over the bright field. 
Although this phenomenon is purely subjective, since in 
reality with proper illumination each field is uniformly bright. 
It is very common in actual practice to stop in the motion of 
the analyzer at the instant in which this shadow appears to 
glide over the dividing line However, in this method of 
observation the analyzer is checked usually a little too soon ; 
this will cause no error only when the mean of a large number 
of trials is taken, the end point being approached alternately 
from one side and the other. But the hand falls easily into the 
habit, after turning the analyzer to and fro, of stopping 
always with the motion from the same side, which naturally 
introduces a systematic error into the observation. 

Another plan very commonly followed is this . The 
analyzer is turned several times rapidly backward and forward 
until the differences in shade on the two fields become as 
nearly as possible the same, and then the fine adjustment 
screw IS turned a little, at random, so as to secure as accurately 
as may be the mean position between the end positions just 
reached. This method is naturally applicable only when the 
fine screw has no lost motion, but gives good results when the 
contrasts are taken sufficiently small. 
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A third method of final adjustment is followed by I^ippich* 
in all his experiments. The analyzer is turned at first rapidly 
and then slowly, step by step, and always in the same direction, 
until apparently uniform illumination is reached ; if it is thought 
that this poiut is overreached, the analyzer is turned back and 
the operation repeated. When the point of equal illumination 
IS approached, the eye is opened momentanly only at each step. 
Of course, one does not reach by this method that position of 
the analyzer at which objectively the two fields have the same 
illumination, but a position which differs from this but little, 
i and which depends on the degree of differentiation sensitive- 
ness (about I per cent.) in the observer; the analyzer is 
stopped at that point where the eye is no longer able to recog- 
nize a difference in brightness In order to find the real point 
of equality in illumination, the final adjustment must be made 
alternately from one side and the other, and the mean of all 
the readings taken. 

It should be made a rule to compare the fields over their 
whole extent, and after each adjustment to turn the analyzer 
appreciably away from the zero position because, otherwise, 
one can fall into the habit of systematically stopping the 
adjustment at the same wrong point always, and thus uncon- 
sciously securing a very small mean adjustment error, which, 
in reality, may be exceeded several fold by the true error in the 
result Also avoid, as far as possible, trying to remember 
with any instrument in which direction the fine adjustment 
screw must be turned to secure larger or smaller readings on 
the graduated circle, because in knowing this, the observations 
ma> be arbitrarily affected 

109. Jellett’s Polariscope.^ — In the descriptions of special half- 
shadow instruments, beginning with this paragraph, only 
those features of the optical arrangements will be discussed 
which concern the polarizing mechanism, because the other 
optical parts are essentially the same in all forms of apparatus. 
The first half-shadow polanscope was made by Jellett in i860. 
Between the polarizing and analyzing nicols, and close to the 
first, he introduced a prism of the following construction : A 

1 nippich, Wiener Sitzungsberichte, II, pi, 1084 (1885) , 11 , 105, 323 (1896), 

2 Jellett , Rep Bnt Assoc,, 39, 13 (i860) 
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long Iceland spar rhombohedron, which is converted into a 
right prism by grinding down its ends, is sawed through 
lengthwise, making two halves, separated by a plane which 

makes the small angle with the plane standing perpen- 
dicularly to its principal section. These halves are then put 
together in reversed position, so that the two principal sections 
no longer coincide but make the angle the half-shadow, 
with each other. This prism is mounted in a tube which 
carries diaphragms with circular openings at each end, so that 
the round field of view appears to be divided by the cut into 
two equal parts The polarizing nicol is so placed that its 
principal section bisects either the obtuse or acute angle which 
the two principal sections of the rhombohedron form with 
each other Tight entering the apparatus is first linearly 
polarized by the polarizing nicol and then passes the sp'ar 
rhombohedron, in the two halves of which the principal sec- 
tions are slightly inclined to each other. If the analyzer be 
now turned so that its principal section is vertical to that of 
the polarizing nicol, the halves of the field appear uniformly 
shaded. This is destroyed by inserting an active substance, 
and in order to .secure the uniform shadow, the analyzer must 
be rotated through a definite angle, which is equal to the angle 
of rotation of the suhstaiice 

The Jellett polarizing arrangement was later modified in 
this way Before cementing together the two sides of an 
ordinary Nicol prism, one-half is split perpendicularly to the 
piiiicipal section, a wedge, with the small acute angle cut 
out, and then the three pieces united to form a single prism. 
The cut half, in which the principal sections again form the 
half-shadow angle a with each other, is turned toward the 
analyzer m mounting the polarizer m the apparatus. Exactly 
the same phenomena appear here as in the above case, as 
indeed the light which passes through the cement layer of the 
polarizer vibrates still in a single plane only. This Jellett 
twin prism is often called the Schmidt-Haensch polarizer, 
because this firm regularly employs it in the construction of 
their simpler polariscopes. 
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110. Coniu’8 Polarizer.’— This has considerable resemblance 
to the Jellett polarizer just described, and Ls made by cutting 
an ordinary Nicol prism along its whole length, corresponding 
to the plane of the shortest diagonal, into two halves, then 

grinding from each surface a small amount, ^ , and cement- 
ing the pieces together again. This makes a double Nicol 
pnsm which has two principal sections, making the half- 
shadow angle a with each other. From this polarizer the 
extraordinary rays only can emerge from each .side, and we 
have then a field of view, the two parts of which are so 
arranged that the direction of polarization of all the rays in 
the one field makes the small angle a with the polarization 
direction of the rays in the other field. If the analyzer be then 
so placed that its principal section bisects this half-vshadow 
angle a, then the field of view will appear faintly, but 
uniformly, shaded. 

The polarizers of Jellett and Cornu have the advantage that 
any light, compound or homogeneous, may be employed, but 
they suffer, on the other hand, from the great drawback that 
the half-shadow angle is a fixed one. In the I^aurent iiolarizer 
to be now described, it will be seen that the rever.se is the 
case , it possesses a variable half-shadow, but in each single 
instance may be used for a definite homogeneous light only. 

Laurent's Half-Sliadow histrument “ 

111. Description of the Apparatus. — In thel^aurentin.strument, 
illustrated in Fig. 39, the light from a homogeneous source 
passes through the illumination lens first and then the polar- 
izing mechanism. This consists of the polarizing iiicol B, 
which may be moved by means of a connected lever through 
a small angle, shown on an arc above, and then firmly clamped, 
and a thin quartz plate D, which is cut parallel to the optic 
axis and so cemented to a circular diaphragm that it covers 
half the opening. At the other end of the apparatus are 
found the analyzer E and the telescope P. This latter is 
attached to the circular disk G, and may be rotated with it. 

For this purpose a bevel geared wheel is found on the back 

1 Cornu Bull, soc Chlm., [a], 14, 140 (1870) 

* Dingler’s poly J , aaa, 608 (1877). 
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side of the disk, which works into a small pinion attached to 

» j » IS .so 

^ ^ DBA 


€ 



U 
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the button H The fixed verniers J, may be read by means 
of the movable magnifying glasses K 

112, Principle of the Laurent Polarizer. — The quartz plate A 
(Fig 40), covering half of the polarizer diaphragm, must have 
perfectly parallel sides and must be 
ground exactly parallel to the optical 
axis B C The thickness of the plate, 
d, depends on the wave-length. A, of 
the homogeneous light which is em- 
ployed in illumination This thickness 
must be so chosen that the two rays, 
one polarized parallel to the axis of the 
plate and the other at right angles, 
which are produced from the light 
reaching the plate, show on exit a dif- 
ference in path, d, which is an odd multiple of half the wave- 
length. If we represent the ordinary and extraordinary re- 
fractive indices of quartz for light of wave-length A, with no 
and we have the condition , 

A. 

d = (tz, — 7io) == (2m+ i)— , 
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where m is any whole number. Prom this follows the thick- 
ness of the plate, 

d = {2m + i)— ( n, — ?z,). 


As the apparatus is always constructed for sodium light, A. 
in this case is o 0005893 mm , — 1,5442, == 1.5533, and 

the minimum thickness =0) 0.0324 mm. But as such a 
plate would be too thin for practical use some odd multiple of 
this thickness under half a millimeter is taken. Even such 
quartz plates are usually supplied with a plane glass plate for 
support If it IS desired to make a test to determine whether 
the quartz plate has the proper thickness or not, the following 
method may be followed Two Nicol prisms are placed in series 
in parallel light of the wave-length for which the plate is made, 
and so that their principal sections are parallel to each other. 
Between these the quartz plate to be tested is placed and 
vertically to the rays. If now the plate is turned in its own 
plane until its optical axis makes an angle of 45® with the 
principal sections of the prisms, the field becomes dark if the 
plate has actually such a thickness that it produces a difference 
in path of an odd multiple of half a wave-length. 

Eet B D represent the plane of polarization and amplitude 
of the linearly polanzed homogeneous light coming from the 

01 

polarizer, and let it make the angle C B D = — with the opti- 
cal axis B C The light passing the right half of the polarizer 
diaphragm is then linearly polarized in the direction B D. In 
order to avoid unnecessary complication m what follows, it will 
be assumed that all rays reaching the quartz plate fall upon 
it perpendicularly, which, in practice, is essentially the case. 
Then each ray in entering the quartz plate is broken up into 
an ordinary and an extraordinary ray, whose refractive plane 
is the principal section ; that is, the plane passing through the 
axis B C and vertical to the plate. According to §90, this 
plane is at the same time the plane of polarization of the ordi- 
nary ray, while the extraordinary ray is polarized vertically to 
the principal section. Accordingly, a ray with the amplitude 
B D on entering the plate is decomposed into the components 
B G and B H, if E F is perpendicular to B C Th$ ordinary 
component B G is polarized parallel to the axis of the plate 
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while the extraordinary component is perpendicular to the 
axis. Both components pass through the plate in a perfectly 
vertical direction. Now, the thickness of the plate is so taken 
that the rays polarized parallel to the axis, differ in path by 
half a wave-length from those polanzed perpendicularly to the 
axis, or in other words, one set suffers a retardation of half a 
vibration as compared with the other. We can assume that 
at the moment in which the ray B D reaches the plate, and 
the decomposition into the components B G and B H takes 
place, the vibrations of these, in the directions toward G and 
H, begin simultaneously at B, so that in the moment in which 
they leave the plate, the one component is half a vibration 
ahead of the other Imagine further, that in this moment 
the vibrations begin again at B, and that those of the ordi- 
nary component, say, take place as before toward G, then 
the vibrations of the extraordinary component must be in the 
direction J, opposite from H. The amplitude B J is, of course, 
equal to B H, if reflection and absorption are left out of con- 
sideration Therefore, two rays polanzed perpendicularly to 
each other leave the plate, whose planes of polarization are 
the same as within the plate, but which differ from each other 
in path by half a wave-length At the analyzer, both rays are 
brought back to the same plane of polarization and, therefore, 
brought into condition to produce interference But as the 
difference in path of the two rays is exactly half a wave-length, 
or an odd multiple of the same, the final result remains un- 
changed if we replace the two rays B G and B J by the ray 
B K, whose plane of polarization and amplitude B K, makes 
a. 

the small angle — with the optical axis B C The light 

coming through the plate then is m the condition of linearly 
polarized light, whose direction of polarization with reference 
to the principal section of the plate is symmetrical with the 
direction of polarization of the light coming from the polarizer. 
Therefore, the field of view is made up of two parts whose 
polarization directions are symmetrical with reference to the 
axis of the plate. The half-shadow ot is equal to twice the 
angle which the optical axis of the plate makes with the plane 
perpendicular to the principal section of the polarizer. If the 
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analyzer is then placed so that its principal section bisects the 
half-shadow angle, that is, if it is made parallel to the optical 
axis of the quartz plate, the field will appear uniformly shaded 
as explained in § 105. 

113. Accuracy of the Laurent Apparatus. — For the method of 
conducting the observations, reference is made to §93 and §97, 
and in regard to the illumination, it may be again remarked 
that a homogeneous light must be employed in which the 
Laurent plate produces a path difference of half a wave-length. 
Instrument makers, up to the present time, have constructed 
these plates for a sodium light only ; the rotations for other 
rays may not be measured with these apparatus, which is a 
drawback in their use 

The delicacy of the Laurent polarimeter depends, according 
to §107, on the half-shadow angle chosen. This is variable 
at will, as the principal section of the movable polarizer may 
be given any desired position with respect to the axis of the 
quartz plate But even when a comparatively weak sodium 
light (Bunsen burner with salt bead) is employed, and there- 
fore a large half-shadow angle of about 8® taken, the mean 
error of an adjustment amounts to about dh 2 minutes of arc 
only ; with a brighter source of light and smaller angle this 
may be reduced to below one minute 

The instrument maker Heele^ has lately attempted to 
increase this delicacy by another arrangement of the field of 
view. Instead of fastening the Laurent plate in the diaphragm 

O SO that it covers one-half of the 
field, he gives it a circular form and 
cements it to the center of a larger 
circular glass plate. The field of 
view appears then as shown in Fig. 41, concentrically divided. 

With the Laurent apparatus the angle of rotation may be 
measured easily within about ± 20". But if this accuracy is 
to have a real value the various systematic errors made, 
depending on the construction of the apparatus, can not 
amount to more than a few seconds. But the reverse has 
already been demonstrated by Lippich,^ in 1890, theoretically 

1 Heele . (Berlin o, Gniner Weg^ 104) Zeitschr fUr Instrum , 16, 269 
a Ifippich Zur Theone der Halbschattenpolan meter, Wien Sitzungsber, II, 99, 
695 (1890). 
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as well as practically, who showed that in general the Laurent 
apparatus can not be an absolutely exact measuring instrument. 
Although lyippich,^ m 1892, published an abstract of this 
paper, omitting the mathematical discussion, it seems to have 
attracted but little notice, since recently several investigators* 
have published very delicate measurements made by aid of the 
Laurent apparatus. It may be m order then to recapitulate 
the mam results of Lippicli^s experiments. 

We shall first recall the conditions which must be complied 
with in order that the light which leaves the Laurent plate 
may take the form of rays perfectly polarized in one direction 
only, and see in how far these conditions may be fulfilled* 
The first condition that all rays reaching the plate must enter 
it perpendicularly, can never be accurately attained, the phase 
difference, therefore, produced by the plate is a function of 
the incident light, from which it follows that this difference 
for all rays of the same wave-length can not be exactly half a 
wave-length. The further conditions that the plate must be 
perfectly plane parallel, that it must be ground exactly parallel 
to the optical axis, and that, above all else, it must have 
exactly the right thickness, are requirements which can never 
be found satisfied in the same plate Besides this, it must be 
considered as a piece of good fortune to find a perfectly homo- 
geneous quartz plate In spite of all these errors it is true 
that all the ordinary and extraordinary component rays leaving 
the plate are linearly polarized, but the planes of polarization 
of all the ordinary rays taken by themselves, and the planes 
of polarization of the extraordinary rays considered among 
themselves, no longer coincide, and the path differences may 
then vary from each other appreciably. In other zvords the 
light emerging from the plate may exhibit all forms of elliptic- 
ally polamzed rays. The whole senes of rays are then brought 
back by the analyzer to the same plane of polarization where 
they interfere. If it is further recalled that the Laurent 
instrument is always constructed for sodium light, which is by 
no means perfectly homogeneous light, the possibility must be 

1 I^ippxch Uebei die Vergleichbarkeit polanmetnscher Messungen, Ztschr fur 
Instium., la, 333 (1892). 

a Rodger and Watson : Phil, Trans. I,ondon, 186 A, 621 (1895) , Ztschr phys 
Chem., 19, 323 (1896), 
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admitted that because of the consequent variations in path 
difference the final effect of interferencq must differ from one 
apparatus to another, and that the light leaving the analyzer 
of one apparatus must have a composition different from that 
leaving the analyzer of another. If the rotation dispersion of 
the active substance, whose angle of rotation is being measured, 
IS also considered, it will follow, without anything further, that 
the observed angle of rotation may differ in different instru- 
ments. It remains to show that these differences may be quite 
appreciable 

As we shall see later, the light in the Ltppich half-shadotv 
instrument remains always linear and polarized in the same 
direction^ so that in these instruments no differences should be 
found in measuring one and the same rotation. Now let the 
same constant angle of rotation be found in a Uppich appa- 
ratus, then in several Laurent instruments, one after the other, 
the same constant sodium fiame being used in all cases. Then 
the readings of the several Laurent instruments will show 
variable results compared with that of Lippich. In the theo- 
retical part of his paper Lippich shows this The difference 
between the angles of rotation measured by a Lippich and 
Laurent instrument is proportional to the size of the angle, 
and the proportional factor is a function of the half-shadow of 
the Laurent apparatus and the construction of the Laurent 
plate. Therefore, in one and the same Laurent instrument, the 
observed angle of rotation will vary with the half-shadow. 
When definite numerical values, such as are found in practice, 
are substituted in his equations, differences amounting to 
db i6o" result in measuring an angle of rotation of about 22°. 
It must be further considered that Lippich, in his calculations, 
assumed all the above conditions fulfilled, and deals here with 
this case alone that the Laurent plate can have the right thick- 
ness only for a definite wave-length of the sodium light. In 
reality, therefore, still greater differences might appear 

Experiments made by Lippich are in accord with his theo- 
retical considerations. A quartz plate used had a constant 
angle of rotation of about 24®. The sodium light used was 
filtered through a dichromate solution and a copper chloride 
solution of known strength, so that color differences left were 
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extremely minute. From a number of 
measurements agreeing well among them- 
selves, It was found that the differences 
between the readings of a Wppich in- 
strument and two I^aurent instruments 
amounted to 45" and 82". The indica- 
tions of dijferent Laurent polafimeterSf 
and of one and the same instrument with 
different degrees of shadow^ can vary among 
themselves and with the Lippich apparatus 
by amounts which are greatly in excess of 
the possible and admissible errors of obser- 
vation. The conclusion is warranted that 
an angle of rotation measured by a I^au- 
rent half-shadow polarimeter cannot be 
depended upon as correct within 0.2 per 
' cent 

5. LippicK s Half Shadow Polarimeter} 

1 14. Instrument with Double Field. — The 
polarizing mechanism of Tippich com- 
bines variability of the half-shadow with 
use of any heterogeneous or homogene- 
ous light, and thus satisfies the two re- 
quirements which should be met in the 
most perfectly constructed half-shadow 
instruments The construction of the 
Tippich polarizer is extremely simple In 
front of the polarizing nicol A (Fig. 42), 
there is a second small nicol B, which is 
turned toward the analyzer and covers 
half the large one ; it is, therefore, desig- 
nated as the half prism. It is so adjusted 
that the sharp edge C, shown as a point 
in the figure, lies in the axial plane of the 
apparatus and divides the round polarizer 
diaphragm D into two halves. The tele- 

’nippich’ Naturwtsaenaqhaftl. Jahrbuch “Lotos,** 
aew senes, II, 1880 ; Ztschr, fiir Instrum a, 167 , Wien 
Sltasungsber, H, 91, loSx; Ztschr. fiir Instrum , 14^326; 
Wien, Sitzungsber. II, 103, 3x7 
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scope focuses on the edge C. While the half prism is fixed, the 
large prism A, m order to change the half-shadow, is made 
movable around the axis of the tube. The principal sections 
of the two prisms may make with each other the small angle 
ot. Then the light coming from A and passing through the 
free half of the field of view is polarized vertically to the prin- 
cipal section of the prism A. The other part of the light from 
the same prism is decomposed into two components on enter- 
ing B, and of these, only the rays vertical to the principal 
section of the half-prism are able to pass through. The light, 
then, which comes through the covered half of the field of 
view is polarized vertically to the principal section of the half- 
prism. We have, in consequence, a field made up of two 
halves whose diiections of polarization make the small angle 
a with each other At the same time, the light of each half 
remains linear for all wave-lengths^ and polarized in the same 
direction^ so that the Lippich polarizer must he considered as the 
most perfect of all half shadow constructions . As a part of the 
light reaching the half prism is reflected, absorbed, and extin- 
guished in passage, the intensity of the covered half of the 
field is always smaller than that of the free half. In the zero- 
position, therefore, the principal section of the analyzer cannot 
exactly bisect the half-shadow angle, but must make with the 
polarization direction of the whole prism a smaller angle than 
with the polarization direction of the half-prism. Consult 
§105 to §108, 

The half prism requires a special construction and adjust- 
ment. It cannot be made simply by mounting a prism with 
right end surfaces so^that one side surface C E falls along the 
axis of the apparatus, because in that case the cone of rays 
passing in the neighborhood of C E would be partly cut off 
If F is the circular analyzer diaphragm, and if a perfectly 
normal passage of the rays is provided for, according to §96, 
then each half of the field of view will possess uniform bright- 
ness in case each cone of rays from any point of the field of 
view, whose base is the analyzer diaphragm F, if followed 
back to the prism A, is found to undergo no partial obstruction 
by the half-prism, and all the ray cones which belong to points 
on the free side of the edge C, when prolonged backwards do 
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not fall in part through the half-prism, and all other ray-cones 
which belong to points on the covered side traverse the half- 
prism completely. These conditions may be perfectly fulfilled. 
I^et G H be the axis of the instrument. We shall consider 
first a point in the field on the free side, and very close to C. 
Call the angle J C H, half of the cone J C K, / 3 , which is deter- 
mined by the analyzer diaphragm and the distance of the latter 
from the polarizer diaphragm, since sin /d = J KI/2 C J. If 
now, the side surface C E of the half-prism is given an incli- 
nation to the axial plane, which is a little larger than ^ by the 
amount d, then the cone of light J C K, when prolonged back- 
wards, will reach the prism A without suffering a partial 
obstruction by the half -prism. This naturally holds true for 
all the cones of light which belong on the free side and farther 
away from C. If the surface C E of the half-prism is polished, 
it is clear that all rays reaching it on the outside from A will 
be reflected to one side so that they cannot pass through the 
analyzer diaphragm J K. Consider next the cones of light 
corresponding to the side of the field covered by the half- 
prism, and J C K. is now the cone belonging to a point on this 
covered side, infinitely near to C. Followed backwards this, 
of course, passes into the half-prism and will pass through it 
without being partially cut off, in case the prism is so constructed 
that the ray K C is bent in the direction C ly, because then J C, 
still further within the prism, will be refracted, say to M. The 
half-prism must be so constructed that the ray C Iv makes still 
a very small angle f with the surface C E. In order to secure 
this, the lialf-pnsm cannot have perfectly perpendicular end 
surfaces, but the angle E C N = y must be somewhat larger 
than 90°. A simple calculation gives the value y = 90° + 
4 ^ + 3 ^ + 2 d, when £ and d are made about 10'. Accord- 
ing to the dimensions of the apparatus, y must be, therefore, 
between 92° and 94° But care must be taken to have the 
optic axis of the half -prism stand vertical to the long edge 
C E, and at the same time parallel with or, better, vertical to 
the refractive edges E and N. Now as regards bundles of 
rays from points further away than C, it is seen that they all 
make smaller angles with the perpendicular to the surface 
C N than does the ray K C, from which it follows that all 
23 
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these rays pass the half-prism without obstruction. But all 
other rays which pass within the angle ^ , or fall on the inner 
polished surface of C E, are so thrown to one side that they 
cannot reach the analyzer. A small portion of the surface 
E 0, in the neighborhood of the edge E ; that is, the part E L 
remains, therefore, quite inactive, so that any lacking sharp- 
ness of this edge is of no importance But the edge C must be per- 
fectly sharp and free from faults. In this way, the two halves of 
the field possess perfectly uniform illumination up to the dividing 
line, and if the edge C is made with a proper degree of acmraqy, 
at the end of the zero-point adjustment it will he scarcely visible ; 
this IS a requirement for an easy and accui^ate reading. 

Unfortunately, the opticians do not always adjust the half- 
prism in the manner just described, so that in the zero-point 
reading, the edge C appears as a thick black dividing line be- 
tween the two fields, which interferes very materially with the 
accuracy of the observation But this fault may be in part, at 
least, corrected by giving the diaphragm placed immediately 
in front of the source of light a rectangular form, its longer 
sides standing perpendicular to C, and about four times as 
large as would appear necessary from the dimensions of the 
illuminating lens and analyzer diaphragm. In this manner a 
very fine dividing line is secured again, but toward the end of 
the adjustment a narrow, somewhat brighter, space appears 
parallel to C between the two fields which, however, is by no 
means as annoying as the sharp black dividing line. It must 
be again said that in a properly constructed Eippich polarizer, 
the dividing line made by the edge C may be caused to dis- 
appear completely in the final reading. 

In regard to the accuracy of the Eippich apparatus, it may 
be remarked that with a sufficiently bright light, and a half- 
shadow angle of one degree, the mean error of a reading is 
about ±15 seconds of arc ; but the adjustment must be made 
from both sides and the error taken as the variation from the 
mean of all the determinations. 

1 15. Instruments with Triple Field. — field of this kind may 
be secured by placing two half-prisms B and C in front of the 
large polarizing nicol A, in symmeftrical position, as shown dia- 
grammatically in Fig 43 . The sharp edges E and F, which are 
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brought into focus by the reading telescope, divide the circular 
field made by the polarizer diaphragm D into three fields, H, J, 
and K. The width of the middle field J must not be made too 
large, in order that the two dividing lines 
may be easily seen at the same time. With 
a field of view not too large, the middle field 
is chosen so as to have the areas of the three 
fields about equal. What was said in the 
last paragraph about the construction and 
adjustment of the half-prism holds strictly 
here also. 

If the principal sections of the two half- 
pnsms are accurately parallel, and if they 
make the half -shadow angle (x with the prin- 
cipal section of the Nicol A, which is mova- ^ 
ble around its axis, then when the analyzer 
is turned so that the two fields H and J 
have the same brightness, the field K must 
be equally bright, in case the twohalf-prisms 
are of the same construction. But above 
everything else, it is important that the two 43 

side prisms should have the same extinguishing power ; this may 
be most readily tested by employing an intense light and turn- 
ing the analyzer to the position of greatest darkness with 
reference to the side fields The prism A is then turned to 
make the middle field as dark as possible ; in this situation, 
any inequality in the side prisms may be most readily recog- 
nized 

The advantage in this arrangement in which equal illumi- 
nation IS secured in three fields over that with two fields, con- 
sists in this increase m the fields in which comparison of 
brightness may be made, and is favorable as long as the 
dimensions of the individual fields are not too small. 

This fact should be especially mentioned that the principal 
sections of the two side prisms need not be exactly parallel 
with each other; indeed the folloWitng considerations will show 
that a little distortion of the position of one with reference 
to the other increases the sensitiveness of the readings. First 
let us imagine the half prisms exactly parallel, and the analyzer 
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in that position in which the three fields, objectively considered, 
have the same brightness, then it will be necessary to turn the 
analyzer to the right and left through a certain small angle /?, 
dependent on the half-shadow angle a, in order to just see a 
distinction between the middle fields and the side fields. 2 ^ 
is then the measure of the uncertainty of adjustment with this 
arrangement ; of course, leaving the increase of fields out of con- 
sideration, the interval of uncertainty with the double field 
may be taken as 2 ^ also But if we turn one of the half- 
prisms by the amount of the angle /S from its parallel position, 
by which the half-shadow angle a for the turned prism is not 
sensibly changed, because of the smallness oi (see §107), 
then the conditions become different. In the neighborhood of 
the zero position of the analyzer, in which all three fields have 
nearly the same brightness, a difference between the side 
fields H and K will be always just noticeable. If now we give 
the analyzer such a position that objectively, for example, the 
middle field J has the same brightness as H, and in which, in 
consequence, a difference between J and K is just distinguish- 
able, then the rotation of the analyzer through the angle 
m a certain direction, is sufficient to make a difference 
between J and H just apparent. The interval of uncertainty 
in the adjustment is now that is, just half as gieat as 
before. If we take as the limiting value for this uncertainty 
in delicacy /> = i per cent. , the angle ^ which the principal 
sections of the two side prisms must make with each other in 
order to secure the maximum of delicacy is given, according 

to §107, by the formula, = 5i5tan in seconds of arc. 

2 

The polarizer must be, therefore, so constructed, that all 
necessary movements of the prisms may be made after they 
are placed in the apparatus. Inasmuch as double the accuracy 
may be secured with the triple field as is possible with the 
double field, as indeed Lippich has shown by observations, 
the polarizer with triple field has already come into general 
use. ♦ 

116. Instrumeut According^ to Lummer with Quadruple Field. ^ 

In this, it is not the uniform brightness of different fields, bui 

^ I/Ummer Ztschr fiir Instrum , i6f 209 (1896) 
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the equally strong appearance of two fields on a uniform back- 
ground winch is taken for comparison. With this arrange- 
ment the fields are so polarized that on turning the analyzer in 
one direction from the zero-position, the one field of contrast 
becomes brighter in comparison with its background, in pro- 
portion as the other becomes darker. In 
order to secure these relations, four polari- 
zation prisms must be used, so that four 
fields result. In front of the large polar- 
izing nicol A, as shown in Fig. 44, there is, 
first, the moderately large half-prism B, and 
then in front of this, the two smaller half- 
prisms C and D in symmetrical adjustment 
The field of view F, bounded by the round 
polarizer diaphragm opening E, appears 
then divided by the sharp edges of the half 
prisms into the four fields G, H, J, and K 
After the prisms A and B are given such a 
position that their principal sections make 
the half-shadow angle nr with each other, the 
analyzer is turned until the two fields H 
and J have the same illumination Then the 
two half-pnsms C and D are adjusted with 
their principal sections turned so that the 
fields G and K differ to the same extent in 
brightness from the two middle fields ; that 
IS, until these side fields are either lighter 
or darker than the middle fields, and in the 
same degree The accuracy of the adjust- 
ment is greatest when the contrast is chosen 
as about 4 per cent On now turning the analyzer from its zero 
position, that change follows which is peculiar to the contrast 
principle ; while the two middle fields become unequally bright, 
the contiast between the fields G and H is diminished in the 
same degree in which that between J and K is increased, or vice 
versa. As, however, the telescope cannot be focused on the 
three edges, sharply, at the same time it is best not to depend 
on the help which a comparison of the two middle fields would 
afford, but to focus on the sharp edges of the two side prisms 
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C and D. Any lack of sharpness in the middle line is then of 
no importance, as in the neighborhood of the zero position of 
the analyzer, the two middle fields have the same brightness. 
But up to the present time fuller results as to the practical 
working of this somewhat complicated contrast polarizer are 
lacking. 

6, Mechanical Constructions of the Lippich Polarization 
Apparatus 

117, Landolt^s Apparatus.^ — In order to avoid repetitions, it 
may be recalled that the part of the apparatus turned toward the 
source of light contains, always, the illumination lens and the 
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I/ippich polarizer with double or triple field, while at the other 
end of the instrument are found the analyzer, the telescope, 
and the graduated circle. I^andolt has given the lyippich 
apparatus a form, making it suitable for use in chemical labo- 
ratories, so that not only may tubes be examined in it, but 
vessels of any shape may be inserted between polarizer and 
analyzer. This instrument is illustrated in Fig. 45 and con- 
sists of a strong iron bar, a, on one end of which are attached 
the analyzer, turned by the lever c, the graduated circle b, 
and reading microscopes (for reading to 0,01°), while at the 

1 I^andolt “Ueber eine veranderte Form des Polansationsapparates fur chemische 
Zwecke ” Berd chem. Ges, , aS, 3102 The instruments are made by Schmidt and 
Haensch, Berlin 
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other end there is the polarizer d, whose movable prism may 
be adjusted to change the half-shadow angle by means of the 
lever e. The whole combination may be attached to a strong 
Bunsen stand and clamped fast. The guide sleeve is furnished 
with a thread below, and the nut g, by which means a 
horizontal arm holding at its ends two prismatic carriers f f 
may be moved up or down. Two small steel rods dropped 
from the bar a provide for perfectly vertical motion. The 
trough h which is intended to hold polarization tubes may be 
attached to the carriers f f and moved up or down until the 
tube is brought into the axis of the apparatus ; the final verti- 
cal adjustment is accomplished by aid of the screw at g ; the 
trough h IS also slightly movable 
small angle. Besides this, a brass 
plate i may be placed on the car- 
riers instead of the trough, and 
this serves to carry vessels of 
glass. For the investigation of 
substances in strongly heated 
or molten condition, or for the 
application of very low temper- 
atures, the arrangement in Fig. 

46 may be used This is a rec- 
tangular brass box, through 
which a gold plated brass tube 
passes, the projecting ends of which may be closed by glass 
plates and screw caps A narrow tube which is soldered to 
this observation tube, and which passes through the movable 
top of the box provides for the expansion or contraction of the 
active substance filled into it. Besides this there are openings 
in the cover for a thermometer and stirrer. If the box is filled 
with some substance suitable for a bath, and heated by means 
of a lamp placed beneath, it is possible to study the rotating 
power of bodies at any desired high temperature ; it is advisable 
to cover the box with a protecting layer of asbestos and put up 
screens to protect other parts of the apparatus as far as possible 
from the high temperature. If the box is filled with a freezing 
mixture for investigations at a low temperature, it is neces- 
sary to attach glass cylinders, furnished at the ends with plane 


on its bed plate, through a 

a 
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glass plates, to the screw caps and put in these a little calcium 
chloride to prevent precipitation of moisture. 

118. Apparatus with Adjustable Length.^ — In many investiga- 
tions it is an advantage to be able to change the distance be- 
tween polarizer and analyzer at will. Fig. 47 illustrates the 
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construction of apparatus in which this is possible, the sup- 
porting parts being made intentionally heavy. In this the 
carriers of the optical parts A, B and C may be moved along a 
strong cast-iron optical bench D and clamped fast by the 
screws E in any desired position. Then motion in a vertical 
direction is made possible by the rack and pinion mechanism at 
F and the set screws G. C supports a glass trough made to 

1 Prom Schmidt and Haenc>ch, Berlin 
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contain solutions for the purification of the light, B the illu- 
minating lens, and the I^ippich polarizer, A the analyzer, the 
telescope, and the graduated circle. Here, also, any desired 
vessels may be inserted between the polarizer and analyzer. In 
the figure, a heating vessel and air-bath are shown, which, in 
some points, are different from the construction described in 
the last paragraph. The box H, of brass, serves as an air-bath, 
and has at the sides two projecting tubes J with glass caps. 
The cell to hold the substance to be investigated, K, is shown 
in the figure on top of the air-bath H. At the time of ex- 
periment, this is brought down into H, and in central adjust- 
ment on a little table at the bottom of H. The cell Z is piade 
of brass and nickel plated ; but the two ends through which 
the polarized light must pass are made of parallel glass plates. 
The screw cover of the cell, and corresponding to this the cover 
of the air-bath H contains two holes through one of which in 
each case the little tube T passes, which permits the expansion 
of the substance during warming, while through the other 
openings, the thermometer M may be introduced into the cell 
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apparatus shown in Fig. 48 permits a very accurate reading 

1 From Scliniidt and Haeuscli, Berlin 
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of the graduated circle. Two strong cast iron carriers, A and 
B, each of which ends in two legs, are attached in vertical posi- 
tion by aid of three horizontal, nickel plated brass rods C, and 
with these constitute a heavy solid stand. This is screwed down 
to a thick wooden base through the four legs , of the two car- 
riers one. A, serves to hold the illuminating lens and the Lip- 
pich polarizer, the other, B, supports the analyzer, the gradu- 
ated circle, and the telescope. For protection of the gradu- 
ation, the circle ts covered with the case D, which has two 
mica covered openings in the neighborhood of the two read- 
ing telescopes E. By aid of the four arms F, the 
graduated circle may be rotated on its axis , it 
may be fastened by the clamp screw G, and then 
the more delicate motion may be accomplished 
by aid of the lever H, the lower end of which 
rests against a point attached to a spiral spring J 
on one side, and on the other, against the microm- 
eter screw K, With this construction, it is pos- 
sible to move the circle and the attached analyzer 
rapidly to and fro across the zero position without 
any lost motion, which is very advantageous for 
the observation. The illumination of the circle 
is provided for by the two gas-lamps E (only one 
is shown in the figure), the light from which is 
reflected on the circle by aid of the bent glass 
rods M which are blackened on the outside, while 
at the same time the movable glass arm N illu- 
minates the notebook of the observer, and one of the two mi- 
crometer screw-heads O. The light from N may be shut off b> 
turning the black screen P The illumination may be still more 
easily accomplished by aid of small incandescent lamps attached 
in the right positions On looking through one of the reading 
telescopes Em making the observation, an image such as is illus- 
trated in Fig 49 is seen The two parallel threads running 
through the field between the marks 198 and 199 serve as an in- 
dex These threads may be moved in a vertical direction by aid 
of the screw-head O. To count the revolutions, the micrometer 
is furnished with a counting scale in focus of the ocular; the mo- 
tion from tooth to tooth corresponds to a complete revolution of 
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the head. One point on the scale is distinguished by a deeper 
indentation, and from this the rotations of the screw-head made 
are counted. One full revolution of the screw-head corresponds 
to half the interval between the two division marks on the 
graduated circle, that is to o.i® Now, as the head is divided 
into 50 parts, one of these must equal o 002 The threads are 
to be so adjusted that they pass through the deep indentation 
of the counting scale when the index of the screw-head is at 
the zero point on the screw-head graduation This is the 
fixed zero position of the threads from which the observed 
rotation is estimated ; in the figure the threads are shown a 
little away from this zero position. The reading, in the case 
illustrated by the figure, would be made in this way. 198.7° 
is first read. Then by turning the screw, the threads are 
brought into such a position that they include the division 
198 6° centered between them In the illustration it will be 
necessary to give the screw-head over one complete revolution 
to accomplish this. If the figures on the head graduation 
run so that larger numbers are passed in doing this and, if 
finally, the index stands at 36 5, then 36.5 X o 002° must be 
added to the first reading of 198.7° ; that is, the complete read- 
ing is 198 773° In these instruments, the large circle is 
usually divided into 400°, from which it follows that the 
figures so read off, must be multiplied by o 9 to obtain the 
true degrees of arc.^ As it is not difficult to read o 0009° 
in this manner, and as the mean error of reading an adjustment 
is about ± o 0005°, it must be determined whether or not the 
errors due to lost motion along with periodic and continuous 
errors in the screw are all below o 0005°, if one is to be cer- 
tain of introducing no systematic errors in the final result 
Two complete micrometer screw-head revolutions must corre- 
spond with the same degree of accuracy to the interval be- 
tween any two divisions on the graduated circle. That such 
an accurate reading is not illusory, will be admitted when it is 
remembered that under favorable conditions the mean error of 
an adjustment is less than ± 0.002°. 

The apparatus shown in Fig. 48 is suitable also for the 

1 As no great amount of work is required for this multiplication, it must he co‘n- 
sidered as inexcusable in scientific publications to report figures for a periphery of 
400’, because in this way, lasting errors will be introduced into the literature. 
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investigation of dectro-magnetic rotations. The spools to 
hold the copper wire cojls and observation tubes are carried on 
sliders which work on the two brass rails Q, so that they may 
be easily shunted in or out of the field as desired. 

120. Allowance for the Earth’s Magnetism. — As the large appa- 
ratus just described may be used in very exact determinations, 
this is the proper place to add a few remarks on the extent of 
the influence of the earth’s magnetism in the measurement of 
an angle of rotation. The amount of the electro-magnetic 
rotation of the plane of polarization depends on the substance, 
and is proportional to the length of layer and to the intensity 
of the electric or magnetic field component parallel to the 
direction of the light rays. Most substances possess a positive 
magnetic rotating power , that is, they turn the plane of polari- 
zation m the same direction m which the galvanic current 
which may be considered as producing the magnetic field 
flows. Therefore, in considering the influence of the earth’s 
magnetism, as the light rays always pass horizontally through 
the apparatus, we are concerned only with the horizontal com- 
ponent of the earth’s magnetism, 

H = o,i9r i-i"l 

If then the effect of the earth’s magnetism is to be wholly 
avoided, the axis of the apparatus should be placed perpen- 
dicularly to the magnetic meridian. If the axis lies in this 
meridian, the effect of the earth’s magnetism on the rotation, 
9, reaches a maximum. If, besides this, the light rays pass 
in the meridian from north to south, the rotation of the plane 
of polarization is in the negative direction In order to give 
an idea of the maximum value of the magnetic rotation, (p, 
the following figures for sodium light are sufficient : for a 
quartz plate, i mm. thick, ground perpendicularly to the axis 
= o 021". In quartz investigations, therefore, the influence 
of the earth’s magnetism is of no moment. But the case is 
different with tubes of liquids If the tube contains pure 
water, this and the end plates also rotate the plane of polari- 
zation While the effect of the latter is always very small, 
since for a plate of glass i mm. in thickness, (p iso 049", the 
rotation of a column of water, 20 cm in length, is 9^ = 3.0"; 
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that is an amount which must be taken into consideration in 
exact investigations, certainly at least in the calculation^ of 
errors. It is always best to place the axis of the apparatus 
perpendicular to the magnetic meridian so as to wholly elimi- 
nate the magnetic effect It may be remarked in conclusion, 
that the miagnetic rotation in gases and vapors may be wholly 
neglected 
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I2I. Description and Theory of the Instrument. — As 
yet been fully described, the illustra- 
tion in Fig 50 is only diagrammatic, A 
and the discussion will be brief The 11 
hypothenuse surface A B, of a right ^ 
angled glass prism A B C, as free as 
possible from any strain, is silvered 
and a part of the silver layer removed 
Care is taken to have the two fields join each 
other with perfectly sharp edges, and that they 
have a position perpendicular to the refractive 
edge of the prism. The illuminating lens D is 
placed in front of one of the side surfaces of the 
prism A C, and between them the polarizing Nicol 
E, so that the light rays suffer total reflection on 
the hypothenuse surface A B The analyzer F 
and the telescope G H J face the other cathetus 
surface B C, and the two hypothenuse fields are 
brought into focus Imagine the polarizer placed 
at first so that its principal section is vertical to the 
plane of reflection ; that is, so that the plane of 
polarization forms zero angle with the plane of 
reflection, then the light reflected froifi the glass 
and silver surfaces, and passing through B C is 
rectilinearly polarized and in the plane of reflec- 
tion. The two fields appear uniformly light or 
dark with any position of the analyzer F. But if 
the plane of polarization of the polarizer E be 

OL 

turned through the angle — away from the position parallel to 

1 Lummer Ztschr, fur lustrum 15 , S 93 (Z 895 ) 
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the plane of reflection, then the planes of polarization of the 
light reflected from the glass and silver surfaces, are sym- 
metrical to the plane of reflection and the two fields be- 
have as half-shadow fields, whose half -shadow is equal to ot. 
Of course, a division into three or any number of parts may 
be made in the simplest manner in the field of view. But 
it is difiicult to secure a glass prism perfectly free from dis- 
tortion strains, and to prevent such from appearing during an 
observation. There are noticed, therefore, even with small 
half -shadows, brighter or darker parts in the field of view. 
Further, the light leaving the prism is not absolutely linearly 
polarized, but also elliptically, and this the more strongly, the 
larger the half-shadow. For the reasons mentioned in §113, 
the apparatus should not, therefore, be used in exact measure- 
men ts. 

b. Saccharimeters 

122. Simple Wedge-Compensation. — ^The saccharimeters largely 
used in practice, serve especially for the determination of the 
strength of sugar solutions Such a determination may be 
made with any of the instruments described above, but they 
require homogeneous light ; to be able to use ordinary white 
light in practical work was the leading factor which led to 
the construction of the saccharimeters. This problem was 
solved in 1848 by the wedge-compensahon of Soleil, which is 
the characterishc part in all saccharimeters. This will, there- 
fore, be described first, but it may be remarked that a full 
discussion of the theory of wedge-compensation w’ould lead too 
far here, and it must be left for a special treatment. 

As already explained, quartz plates cut perpendicularly to 
the axis rotate the plane of polarized light, and rather strongly, 
since a plate i mm. in thickness turns the plane of sodium 
light about ±21.72®. In order to simplify the following con- 
siderations we shall assume any of the polarization instruments 
as illuminated by homogeneous light. We place the analyzer 
in the zero position, or as we may briefly express it with Fric, 
in the position of optical equilibrium. Then bring between the 
polarizer and analyzer any positively or negatively rotating 
substance and the optical equilibnum will be destroyed, which 
may be restored again, without turning the analyzer by adding, 
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also between polarizer and analyzer, a negative or positive 
quartz plate of such thickness that the algebraic sum of the 
rotations of the active body and the quartz is equal to zero. 
It IS then said that the rotation of the body ts compensated by 
the opposite rotation of the quartz. The Soleil wedge-compen- 
sation is nothing but such a quartz plate, whose thickness, 
within certain limits, may be changed so 
as to compensate any desired rotation 
within limits Of two^ equally thick, 
plane parallel quartz plates, cut perpen- 
dicularly to the axis, the negative one 
A B C D and the positive one E F G H, 

Fig 51, imagine one, say the latter, divi- 
ded by a cut, vertical to the plane of the 
paper, into the two wedges, E J K H and 
J F G K, and that the last is enlarged to 
form the wedge L M N. The large and 
the small wedge have now the same 
wedge-angle. The whole wedge-compen- 
sation IS situated between the polarizer 
and analyzer, so that the light rays pass 
in and out from tjie surfaces B C and E H , 
the negative plate and the small wedge 
are fixed, while the large wedge may be 
moved along J K In moving the long 
wedge, the surfaces E H and M N remain 
always parallel, so that the two wedges 
form a positive quartz-plate of variable thickness. In the 
position of the plates illustrated in the figure, the whole com- 
pensation gives the rotation zero, as E F = A B If the long 
wedge IS moved so that E approaches J, the thickness of the 
positive plate will exceed that of the negative, and the wedge- 
compensation yrill produce a positive rotation with which the 
negative rotation of an active body may be compensated. If, 
on the other hand, the large wedge is shoved in the opposite 
direction, so that N approaches K, then the thickness of the 
negative plate is in excess, and positive rotations which are 
not too large may be compensated. The greatest possible 
change in thickness is secured, the longer the large wedge is 
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Fig 51 
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made, and the greater the wedge angle, Practically the long 
wedge is not shoved along J K, but the two wedges are sepa- 
rated as shown in Fig. 51 below, and then the long wedge is 
so moved that the surface M N remains in the same relative 
position parallel to E H. But as the layer of air remaining 
between the two wedges effects a lateral displacement of the 
whole system of rays going through the apparatus, the two 
wedges are separated no further than is absolutely necessary 
to permit the free motion of the large wedge. This displace- 
ment of the rays by the air explains also why the wedge-com- 
pensation does not give exactly zero rotation when the thick- 
ness of the two wedges together is exactly equal to that of the 
negative plate. If the mounting of the large wedge is fur- 
nished with a scale, the displacement of this, with reference 
to a fixed vernier, is directly proportional to the change of thick- 
ness of the positive plate. 

Now, let us suppose the apparatus illuminated by white 
light, it being assumed, of course, that the polarizer permits 
this, which is the case with the accurate Eippich half-shadow 
instrument, and let the analyzer be turned to optical equilib- 
rium Then on inserting the wedge-compensation again 
between polarizer and analyzer, it will be found that optical 
equilibrium is restored when the large wedge is turned so as 
to indicate zero rotation. This appears simultaneously for 
rays of all wave-lengths, because the rotation dispersion is the 
same for positive and negative quartz-plates But^ at the same 
hme^ it IS found that because of this rotation dispersion^ the rota- 
tion of such active bodies only^ as have the same dispersion as 
quartz^ may be compensated by the wedge-combination. The 
rotation of quartz-plates in the first place may be compensated, 
and also that of sugar solutions, since, as shown m §45, the 
rotation of cane-sugar is very nearly the same as that of quartz. 
It is because of this fact that the construction of saccharim- 
eters, which may be employed with white light, is possible. 

123. Double Wedge-Compensation of Schmidt and Haensch — 

In the double wedge-compensation system introduced in 
saccharimetry by Schmidt and Haensch, the negative plate of 
Fig. 51 is replaced by two negative quartz- wedges of the same 
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angle, so that the negative as well as the positive plate pos;, 
sesses a variable thickness. This double wedge-compensation 
is shown m Pig. 52. The smaller wedges are fixed, and the 
large ones, as before, movable. The thick ends of the large 
wedges face in the same direction, so as to eliminate as far as 
possible, the displacement of an air layer between the wedges. 
Ordinarily, the wedge angles of the negative wedges are made, 
as nearly as possible, equal to those of the positive. As may 
be readily seen, it is possible with this combination to compen- 
sate negative as well as positive rotations, 
over the single wedge arrangement is 
found in the fact that it does not give the 
zero-rotation for a single position only of 
the large wedges as shown, for example, 
in Fig. 52, but for any position of the one 
wedges, a corresponding one of the other 
may be found for which the rotation is 
again zero. This follows from the fact 
that the thicknesses of the positive and 
negative plates are changed to the same extent by movement in 
the same direction A small rotation may, therefore, be com- 
pensated several times by choosing different parts of the large 
wedges, so that it is possible to largely eliminate wedge errors by 
taking the mean of these several determinations Other facts 
concerning double wedge- compensation can be brought out in 
the discussions of the following paragraphs. 

124. Preparation of a Sugar Scale for Polariscoped with Circular 
Graduation. — The following paragraphs deal with the sugar scale 
introduced into German saccharimetry by Ventzke, which is 
naturally the most important part of the sacchanmeter. We 
enter upon a field in which, unfortunately, much uncertainty 
still exists, and in part must exist, since experimental investi- 
gations in this direction have not yet handled the subject with 
sufficient completeness or accuracy. For this reason, in the 
following, many points will be touched upon only briefly, and 
others not at all. Above all, it must be explained at the start, 
the method will not be indicated here which alone can lead to 
a scientifically unobjectionable sugar scale, > Complete clear- 
ness and accuracy in this field can be expected only after the 
24 


Its great advantage 
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conclusion of the extended investigations which have been 
undertaken by the Reichsanstalt. 


It is important in practice to have a scale which shows directly 
in per cent the amount of sugar in the substance investigated. 
It will be assumed in all that follows, that a constant tempera- 
ture of say 20® is maintained. I^et a grams of pure sugar be 
dissolved in enough water to make a solution of exactly loo 
cc. and then polarize the solution in a 20 cm tube of the lyip- 
pich polarimeter, using sodium light ; let the observed angle be 
We shall consider a as the normal weight and designate 
the solution made as the normal sugar solution Next assume 
a solid or liquid substance which contains along with sugar, 
only such bodies as are inactive and soluble in water. In 100 
grams of this substance let there be present p grams of pure 
sugar ; then p is the percentage amount of sugar and the determi- 
nation of this IS the problem of optical saccharinietry . Dissolve 
now a grams of this substance in water, dilute to 100 cc and 
polarize as before in the 20 cm. tube , the observed angle is 
now y. For aqueous sugar solutions the rotation is known 
to be proportional to the concentration ; that is, to the number 
of grams in 100 cc. of the solution (as this is not absolutely 
true, the variations and corrections will be discussed later). 
As the concentration of the normal sugar solution is a, and 
that of the second solution o.oi a p, then it follows that 

P : y • , a • o 01 a p^ from which p= or also, p : y • 


100 . p ; that fs, the two angles of rotation are related, as are 
the percentage strengths of the original substances, the strength 
of the pure sugar being, of course, 100 per cent Now, if we 
take P = 100, y will be equal to p^ and in polarizing, we read 
directly the desired percentage strength. Therefore, in order 
to find the percentage amount of sugar in a substance, it is 
only necessary to polarize in a 20 cm. tube, a solution of the 
substance which contains the normal weight dissolved to make 
100 cc As seen, this normal weight may be chosen quite arbi- 
trarily ; the length only of the sugar scale depends on it, as this 
is proportional to the normal weight We shall apply this 
sugar scale of the polarimeter now to the saccharimeters 
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125. Preparation of the Sugar Scale for Saccharimeters. — I^et the 
analyzer of the polanzation apparatus, using white light, 
brought into the position of optical equilibrium and insert the 
single Soleil wedge-compensation between the analyzer and 
analyzer diaphragm, so as to be able to compensate the positive 
rotation of sugar solutions We assume the constant tempera- 
ture of say 20°, and, for the moment, perfect equality in the 
rotation dispersion of sugar and quartz. Then let the large 
wedge be so moved that optical equilibrium still obtains, and 
at some convenient point on the setting of the large wedge 
make a mark to be designated as o This mark prolonged to 
the fixed framework of the mounting, gives the fixed index 
position. In this way the zero-point ot the apparatus is deter- 
mined. Then the normal sugar solution in the 20 cm. tube is 
inserted, and the large wedge is moved until optical equilib- 
rium is secured again A second mark is now made on the 
large wedge, opposite the fixed index mark, and this is desig- 
nated 100 In this manner, the extremely important too 
mark of the instrument, upon the accuracy of which every- 
thing depends, is established. If, next, the interval between 
the o mark and the 100 mark is divided into a convenient 
number of exactly equal divisions, the instrument is ready for 
use. As the displacement of the large wedge is exactly pro- 
portional to the amount of rotation of the inserted sugar solu- 
tion, it follows that the percentage strength of pure sugar may 
be again read off directly on the scale. If the normal weight of 
a substance is dissolved in water, diluted to 100 cc , and if the 
solution IS polarized in a 20 cm tube, the number read on the 
scale gives the percentage amount of pure sugar present. 

Imagine next a positive quartz plate, perfectly plane paral- 
lel, and cut perpendicularly to the optical axis, and of such 
a thickness that it gives the 100 point in an accurately gradu- 
ated sacchanmeter. By the aid of such a plate, it will now be 
much easier to control the loo mark of instruments than 
through the use of a normal sugar solution, the exact prepa- 
ration of which requires the expenditure of much time. A 
quartz-plate so made is called a normal quartz’^plate^ and, as a 
matter of fact, all saccharimeters are in practice graduated by 
it. Normal quartz-plates are to he defined^ naturally^ by their 
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rotation and not by their thickness ^ because the latter cannot 
by any means be as accurately measured as the rotation. It need 
hardly be remarked that saccharimeters may, of course, be 
graduated with quartz-plates which do not polarize exactly 
loo, as long as it is known to what value on the sugar scale 
they correspond. 

126. The Ventzke Sugar Scale. — The normal weight has not 
been numerically defined in the preceding paragraphs, because 
it may be arbitrarily chosen, and in the course of lime has 
been frequently changed At the present time, only two sugar 
scales are found in common use, the German or Ventzke scale, 
and the French scale, of which the first only will be discussed. 
The French scale^ must be considered as quite unsatisfactory 
as its hundred point is defined by the rotation of a quartz-plate 
I mm in thickness. This use of the thickness of a quartz- 
plate in the definition of a sugar scale is not alone wholly un- 
necessary, but it is also very unpractical, because as often as 
the absolute rotation of i mm of quartz is differently deter- 
mined, it is necessary to correspondingly change the normal 
weight ; this explains why it is that the French normal weight 
has been changed at least once in every ten years, 

Ventzke® proposed, first, a method for preparing the normal 
sugar solution, which was intended to render the use of a 
balance unnecessary. He defined as the normal sugar solution, 
a solution of pure sugar in water which should have at 17.5*^ 
the specific gravity of i.ioo, referred to water at 17.5°. To 
determine then the polarizing sugar of any substance, it would 
be simply necessary to prepare a solution of it of this density 
by aid of an aerometer. But naturally this method could not 
give exact results, because the salts in the cane-sugars to be 
investigated have an effect, and have usually a density differ- 
ent from that of sugar itself ; it was, therefore, soon abandoned. 
But as the 100 point of many saccharimeters had already been 
fixed by aid of the normal sugar solution of i.i sp. gr., and 

^ The French scale as descnhed an this way , That sugar solution has the normal 
weight whose rotation in a 20 cm tube is equal to that of a quartz plate 1 mm in 
thickness The normal weight thus defined has suffered many changes in the course 
of time, as it has varied between the limits, 16 02 and 16 471 gram?. These two weights 
differ by about 2 8 per cent 

- Ventzke Erdm Jour fur prakt Chem , as, 84 (1842) , aS, 11 1 (1843) 
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as it was not desirable to change the scale once introduced, the 
concentration of the Ventzke normal solution at 17.5® was then 
determined. Investigations showed that 100 cc. of such 
a solution contains 26.048 grams of sugar weighed in air 
with brass weights. The normal weight should be then 
26.048 grams. If then this weight of pure sugar is dis- 
solved to make 100 cc. and polarized in the 20 cm tube, the 
100 point on the Ventzke scale is again found. As this method 
was in use long before the Mohr cubic centimeter was sug- 
gested, the number 26.048 must certainly have been applied to 
true cubic centimeters. After the introduction of the Mohr 
graduated flasks, the instrument makers, especially Schmidt 
and Haensch in Berlin, began to employ a solution of 26.048 
grams of sugar in 100 Mohr cubic centimeters in fixing the 100 
mark of instruments. For a number of years, then, the defi- 
nition of the normal sugar solution has been this : That sugar 
solution has the normal strength which contains at 77.5° in 100 
Mohr cubic centimeters^ 26.04.8 grams of cane-sugar weighed in 
the air with brass weights. 

As the Mohr cubic centimeters have continually given rise 
to error, it was finally determined to go back to true cubic 
centimeters. This last definition of the normal sugar solution 
will then be changed so as to correspond to true cubic centi- 
meters. The following is the definition of the Mohr cubic centi- 
meter.^ If 100 grams of water are weighed in the air with brass 
weights at 17 5°, the volume is 100 Mohr cubic centimeters 
If we take into consideration, the weight of the air displaced 
in weighing and the specific gravity of the water at 17 5°, it 
follows that 100 Mohr cc. = 100.234 true cc.^ Therefore, the 
definition of the normal sugar solution for true cubic centi- 
meters is this A sugar solution has the normal concentration 
when It contains 25 9872 grams of cane-sugar, weighed in air 
with brass weights, dissolved in water to make 100 cubic centi- 
meters at 17 5®. As again appears from the lack of agree- 
ment in the specific gravity of sugar, and the substances whose 
sugar content is to be determined, it would be neces- 

T- Mohr Chemiscli-atialytische Titrirmethocle, 44-50 (j886). 

a The Mohr flasks made by the firm of Schmidt and Haensch hold, as experi- 
ments of the author show, in fact within ±o 03 per cent of 100 23 true cubic centi- 
meters. 



374 


saccharim:isters 


sary to reduce all weights to vacuo to secure a perfectly 
accurate result As the specific gravity of pure sugar is 
1.6, the 25.987 grams in real mass is 26003 gleams. 
The normal sugar solution contains then 26.003 true grams of 
sugar dissolved at 17.5° to make 100 true cubic centimeters. 
But in what follows we shall retain the air weighings, as the 
error made by neglecting the reduction amounts seldom to 0.05 
per cent., which has no importance in practice. Finally, it 
must be added that the variations in the normal weight from 
changes in the density of the air amount to about =b o 0007 
grams for 26 grams of sugar, and are likewise unimportant in 
practice. 

Retaining then the long established definition of the 100 
point, the preparation of the Ventzke sugar scale, and the 
determination of sugar in a substance areas follows . A no?ynal 
sugar solution is made by dissolving 26 ,0/1.8 grams of pure cane-- 
sugar ^ weighed with brass weights in air, in a 100 cc, Mohr 
flask at 17. and this is polarized at 17,5^ in a 20 an, tube in 
the sacchanmeter, care being taken to keep the wedge-compensa- 
tion also at 77.5° ; this establishes the 100 mark V) of the 

saccharimeter Then by weighing and dissolving 26 o/j.8 grams 
of an impure sugar under the same conditions, and polarizing 
in the same tube, the compensation still at 77.5°, the Ventzke 
scale gives directly the amount of pure sugar in per cent. 

Now, in regard to the accuracy with which the sacchanm- 
eters in the hands of sugar chemists agree with this definition 
of the true 100 mark, nothing definite can be said ^ Certainty 
with reference to the accuracy of the 100 point on the Ventzke 
scale will be established by the investigations of the Reichsan- 
stalt. 

127. The 100 Point of the Saccharimeter.— Suppose the 100 point 
of a saccharimeter accurately determined by means of a correct 
normal sugar solution, and then a normal quartz-plate made 
which polanzes exactly 100° V in the so-graduated instrument. 
Then by aid of this plate, new sacchanmeters may be much 
more accurately graduated than with freshly prepared sugar 

1 The work of Nasini and Villavecchia (Sul peso normale pei saccanmetn, PubbU 
d.„ I#ab chim centr d Gab 1891, Oesterr.-TJngar Zeitschnft f Zuckerindustne, I 
Heft, 1892) adds nothing to the discussion 



lOO POINT OP THP SACCHARIMPTER 

solutions. In the first place such a solution would always 
vary more or less from the correct normal solution; and, 
secondly, it would be only with the greatest difficulty that the 
normal temperature required by the definition could be main- 
tained, especially in the quartz compensation. But the normal 
quartz -plate remains always applicable and correct, audits rota- 
tion in the saccharimeter is independent of the temperature, as 
long as care is taken to have the plate and compensation wedge 
at the same temperature, because the temperature coefficient of 
positive and negative quartz-plates is the same. For a long 
time, therefore, all saccharimeters have been graduated with 
such normal quartz-plates, which goes to explain the remark- 
able agreement in the loo points of the instruments purchased 
from dealers. 

The loo points on the saccharimeters made by Schmidt and 
Haensch in Berlin, which are now used in all parts of the 
world, seldom differ by more than o 05 to o.i° V, and the dif- 
ferences are usually smaller. It was, therefore, very com- 
mendable that the firm of Josef- Jan Fric in Prague, which 
also began the construction of saccharimeters, should bring 
their instruments into exact agreement with those of Schmidt 
and Haensch How then may the 100 point on these saccharim- 
eters be defined ^ This can be most simply done through the 
rotation of the normal quartz-plate for some definite light, as the 
sodium ray Experiments by Schonrock' with four quartz- 
plates of about 100 3®, 93.5°, 91 7° and 75 4° V in a Schmidt 
and Haensch half-shadow saccharimeter, and experiments by 
Josef- Jan Fric'* with a normal quartz-plate and a plate of about 
99 7° V, in a large number of saccharimeters, have shown in 
complete agreement that the normal quartz-plate at 17.5° rotates 
the sodium ray 34.68° ± o 02°.*^ It should be remarked that 
the quartz-plates and compensations were kept at the same 
temperature in the saccharimeters during the experiments, and 
that the result is independent of the composition of the white 
light used, as the differences for different lamps remained 
below 0.03° V. Therefore, we can take for quartz-plates : 

100° Ventzke = 34.68 circular degrees for D at 17.5° C.* 

1 Sch5nrock : Ztschr fUr Inatrum., 16, 242 (1896) 

3 Personal communication to the author 

* The optical center of gravity of sodium light *=» 589.3 /ui/* 

* Or, 100® V » 34 69" arc for D at ao®. 
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The number 34.68 is called the factor of reduction. If a 
quartz-plate is polarized in a saccharimeter with its tempera- 
ture kept equal to that of the wedge-compensation, and if it 
shows V, then the quartz-plate will have a rotating power 
for sodium light equal to 0.3468 a dr 0.0002 a circular degrees 
at 17.5®. More about the reduction factors for substances 
other than quartz, will be found in §129 and §153, If the 
rotation of a quartz-plate i mm. thick, at 17 5°, for sodium 
light is 21.714®, the thickness of the normal quartz-plate must 
be about 1.597 mm 

The following may be said about the dimensions commonly 
chosen in the quartz wedge-compensations used in saccharim- 
eters. The wedge angle of the quartz is usually taken at 3®, 
so that the distance between the o and 100 points on the scale 
is about 30.5 mm. The whole interval is divided into 100 
equal parts, and by a vernier, one-tenth Ventzke may be read 
off In the simple wedge-compensation, the two wedges are 
usually positive, and the compensation plate negative and 
about 4.3 mm. in thickness. If the large wedge is then moved 
toward the 100 point, the thickness of the two wedges de- 
creases 

128. Testing the Saccharimeter Scale. — ^As the agreement of dif- 
ferent saccharimeters at the 100 point leaves little to be desired, 
it may be asked now how the scale of a single instrument may 
be tested between the zero-point and 100 point The error in 
graduation in the scale and vernier should remain everywhere 
below 0.05° V. The ivory scales formerly commonly used 
have been abandoned, and properly, because their length is 
influenced by the moisture in the air , the changes amount to 
0.3° V and more. The nickelm scales now commonly used are 
free from this error, and are also independent of changes in 
temperature as the change in length between o and 100, with 
a temperature fluctuation of 10°, is only about o 01° V 
Furthermore, the wedge should give correct results at all 
parts of the scale; that is, it should be so made that when it is 
moved through the wth part of the whole distance ( 100° V) , the 
change of rotation produced in the compensation should be the 
nth part of the rotation of the normal plate corresponding to 
the 100 point on the scale This would be the case exactly if 
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the large wedge were perfectly plane on both sides, optically 
homogeneous, and its motion without error. Errors in the 
construction and character of the small wedges and the com- 
pensation plate are of less importance as they are fixed in posi- 
tion, and because the wedge-compensation is close to the 
analyzer, while the polarizer is focused with the telescope ] 
the rays from the whole field of view pass through the two 
small wedges and the plate and uniformlj’' over their whole ex- 
tent. As regards the large wedge, it is possible with sufiBqient 
care to make its surfaces so . plane that the* error occasioned 
here in the saccharimeters is inappreciable. Aso i® V cor- 
responds about to 0.0016 mm in thickness of the wedge, the 
notion has become common that the surfaces bounding the 
wedge cannot vary ^®/io 000 ^ millimeter from absolute planes, 
if it is to give readings correct to within o.i® V ; but as it is 
impossible to make the whole facing surfaces of the wedge, 30 
mm. long, as perfectly plane as this, the errors often amount- 
ing to tenths of Ventzke degrees are supposed to be explained. 
But all of this is based on error ; the consideration would be 
true only when a single ray were dealt with In reality, how- 
ever, we work with a whole field whose length is about a 
sixth of the whole wedge-length If it is considered further 
that the wedge is placed right at the analyzer, it may be under- 
stood that a slightly convex or concave bounding surface on 
the wedge hurts nothing Errors are occasioned only when 
the radius of curvature has not a constant sign , that is, when 
points of inflection are present, but such surfaces are seldom 
met with. The optician can, in fact, prepare the wedge so that 
no errors need result from faults of construction Then how 
may it be accounted for that variations amounting to several 
tenths of a Ventzke degree are almost the rule? The answer 
to this question is simple, but not very encouraging. Nearly 
all errors which are found are due to the optical impurity of 
the quartz wedges ^ It must, unfortunately, be admitted that 
quartz is a very poor material, so that one rarely comes into 
possession of optically faultless plates of i to 2 square centi- 
meters of surface ; it must even be considered a piece of good 
fortune to possess a pure quartz-wedge 3 cm. long and of cor- 

1 See “ Die Thktigkcit der physlkaUsch-technischen Reichsanstalt ” under Brod- 
huu and Schdnrock ; Ztschr ftir Instr., 17, (1897), 
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restJoiuliiiK thickm?h‘<. If iimv vw vxaniiiH* thi* wmlm* fnni< 
IK*nsatinns further in respect »»f their uptieal jiurilv. it lUiHt 
seem in many eases impussihle that with such innteiiitl s»eh 
delicate ohservatious emild be imule. when the mean eir«ti i»f 
an adjustment is only about t- 0.03" V : yet this is the eanc 
with the half-shadtuv saeehnrimelers, 'I'liis is expUiiited by 
the fact that the wedne-eompeiiNttion, fortunately, is Im‘ate«I 
at the analyzer, so that its image, with a eoiieet {uth the 
rays, according to coincides with the jtlane ot the pupil 
of the eye and the impurity therefore cannot be leciigni/etl. 
Now, if the huge wedge he moved ni'w and dilTerent pints are 
then passed by the lays, and the rotations of these mav diflei 
considerably from each other.' Hut ns the iireguhu parts of 
the wedges appear only gradually in the portion of the held 
occupied by the rays, the ertorsin a saecharimetei iloiiol show 
sudden changes from point to point, but are subject to gi.idti.d 
variations, as the author has had oiipoitunity of ohseiving. 
Therefore, if the errors arc determined foi says', 

V and so on, and if these are plotted oiu’oordni.ite p.ijsT, with 
the Ventz.ke degrees as abscissas and theenoisas oidinates, it 
will he possible to Ihid fi’om the curve passed through the tops 
of the ordinates, the errors for any intennediale isniits 'riie 
simplest and at the same time the U'sl method of hnding 
errors is throngh the examination of ililTeivnl pai Is of the M.'ale 
with good (pmrtz plates. Hut as this is not always piuetie.dde 
for the nulividual owners of saeeharimelers, other methods id 
error cletenuinatiou have been devised. 

Accurate results are alone furnished by the eontrtd iihsctva* 
tiou tubes made by Selmiidt and Haenseh ami deserilH-tl ui 
§163. These give more accurate results than the preparatitm 
of a large uumher of .solutions of proper rotation for the reiistm 
that in the control tuhe.s, i-elalive measurements only need Ih? 
made as soon as the too point is once for all uccurately deter- 
mined. The control observation tnhe.s are construeted on the 

I The author once limltht* oppoviunity of exiunluln^ two ^»lrtiif iminlle! tiiiiitiif 
platen iihout s mm. thick imdwcU nuulc, which, when polniixetl hi ft ImU nhiiittiw 
apparatuH with HotUum light iintl large half hIiucIow, that in, with riither hright fltW, 
gave pretty coiiHtant remiltn, Imt when the plateH were turuetl in their plMnen Iht 
angtea of lotntlon aaHumetl all valuea between ti” and Although tpiftrtit'WetlgfNi of 
corresponding had quality could hardly he found, it cannot lie denied that the error 
of asaccharlmeter must he largely nacrlhed to the optical Impurity of the wedgeti. 
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principle of making the length of the rotating liquid ’column 
variable and the variation measurable. As the deflection of 
the plane of polarization is proportional to the length of the 
liquid layer, the rotation decreases in the same degree as the 
length of the column. The examination with the control tube 
is then made in the following manner ; To avoid unnecessary 
corrections, the zero of the vernier is brought into exact agree- 
ment with the zero of the scale, using the vernier correction 
in aid of this Then the loo point must be at exactly the 
right distance from the two zero points, which, according to 
§127, is nearly always the case. Then the control tube is 
filled with a sugar solution whose rotation is somewhat greater 
than 100® Ventzke, when the tube is pulled out to its full 
length The tube is then shortened until the rotation gives 
exactly <2 = 100® V, when the length I is measured accurately 
If the conditions of experiment, and most important, the tem- 
peratures of the wedge-compensation and the sugar solution, 
are kept constant and the length of the tube then shortened to 

the rotation corresponding to this length is If 

instead of reading off the value read is exactly V, then 
the error in the immediate neighborhood of the point b^ is 
given \yy f = b — b^ = (a I'jl) — b ^ , this error,/, is to be added 
algebraically to the observed value b^, in order to obtain the 
true value of b^ in Ventzke degrees In this way, the errors 
of any desired number of points on a considerable portion of 
the scale may be found, and the length of this is limited simply 
by the extent to which the tube may be shortened With 
a properly constructed control tube, using a single solution, it 
IS possible to determine the errors from 100® V down to 55® V. 
Then the tube is filled with a new solution whose rotation, at 
full length, IS something over 55° V, and the point 55° is 
taken as the new starting point, because its error has been 
already determined, and then observations are made as before 
until the error at the 5° mark is reached. The following table 
shows how, with five different properly chosen solutions, the 
errors on the whole scale may be found 

i Absolutely pure su^ar is uot necessary for the purpose 
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The tube length variable between 42 cm and 22 cm 


Cane sugar solution 

1 

Starting point 

0 V 

Errors found at tlie 
points 

No. 

Concentration, or number of 
grams of sugar m loo cc 
of solution 

I 

J2 53 

100 

95, 90, 85 ... 60, 55 

2 

6.89 

55 

50, 45, 40, 35, 30 

3 

3-76 

30 

25, 20, 16 

4 

2.00 

16 

15, 10, 9 

5 

1.13 

9 

5 


Of course, the accuracy of the tube scale itself must have 
been previously determined. By plotting the errors of the 
saccharimeter scale on coordinate paper the error curve is 
found. As may be readily seen, this method of finding errors, 
in case it is expected to give really accurate results, requires 
quick and very close work. It is, therefore, recommended to 
make on different days two complete series of determinations 
to secure a picture of the accuracy obtainable If this is sat- 
isfactory the mean curve is taken as the final one. Although the 
testing of a saccharimeter scale requires some patns^ one should not 
hesitate to do the work, because the errors remain constant and 
are absolutely independent of time so long as no injury has hap- 
pened to the optical mechanism of the instrument. An error 
curve once accurately established holds good always. 

We turn now to a consideration of the double wedge-com- 
pensation of Schmidt and Haensch (§123) on the value oi 
which different views have been held. The zero point is 
usually found at the thinner end of the long wedge, so thal 
the working wedge is negative and the control wedge positive 
To avoid unnecessary zero point corrections the control wedg€ 
is placed exactly at o and optical equilibrium is secured b} 
moving the working wedge , if the zero point of the working 
scale does not coincide exactly with that of the vernier the dif 
ference is corrected as before by means^of the micromete 
screw below the vernier corresponding to the scale. Then th 
working wedge is placed at 100 and a test is made as accurateh 
as possible of the correctness of the 100 mark. If now optica 
equilibrium is again established by aid of the control wedge 
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this should stand exactly at 100. If this is not the case the 
scale has been carelessly made, and the apparatus should be 
simply sent back to the manufacturer. Naturally the two 
scale lengths are usually not the same, which is not necessary. 
If the two wedges are accurately made it must follow that 
when one of them is put on any point of its scale optical 
equilibrium must obtain when the other is placed at the same 
point on its scale. If in this way the two wedges are tested 
from 5® to 5° and if the differences in readings actually 
remain below 0.03® V., it may be said with great prob- 
ability that the wedge-compensation does not possess any ap- 
preciable error, because it would be by extraordinary chance 
that any errors due to optical impurities in certain places in 
one wedge would be exactly compensated by corresponding 
errors in the other. In addition to all this, in order to be cer- 
tain, it is well to test at least a few points by aid of the control 
tube. As a rule, however, it will be found in testing the two 
wedges as above that the differences in the readings in certain 
parts of the scale amount to some tenths of a Ventzke degree, 
so that an accurate determination of errors is here also re- 
quired For this purpose the reading differences /rom 5° to 
5° V. must be accurately found in this way. The control 
wedge is placed at 95® exactly, and five adjustments at optical 
equilibrium are made with the working wedge, from which the 
mean is taken and subtracted from 95, to give the reading dif- 
ference In this way results are obtained down to the 5° 
mark Then the whole series of observations is repeated by 
placing the working wedge exactly at 95° and so on, and se- 
curing optical equilibrium by aid of the control wedge The 
two series of observations should givq the same differences with 
opposite signs, within the limits of errors of experiment, which 
is to be remembered, in general, in all error corrections From 
each two corresponding differences the mean of the absolute 
values is taken which is to be used in the further calculations, 
with proper sign attached. The control wedge is next placed 
exactly at o and the complete determination of errors in the 
working wedge is made by use of the control observation tube 
as fully explained above. From the curve of errors for the 
working wedge and the table of adjustment differences for the 
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two wedges the error curve of the control wedge may be found 
in a way easily recognized. The latter may be found also 
directly by aid of the control tube and positive sugar solutions, 
by placing the working wedge at exactly 100 and finding the 
errors in the control wedge from 5 to 95. This furnishes, at 
the same time, the best control of the accuracy of all the ob- 
servations made. If now the rotation of a solution is found 
with one wedge and controlled, after taking out the solution, 
with the other wedge, then after adding the corrections from 
the error curves the two wedges should give exactly the same 
result It follows^ therefore^ that correct observations may he 
made with the double wedge combination and an actual complete 
control secured only when the error curves of the two wedges are 
known It appear Sy therefore^ that as accurate work may be done 
with the single as with the double wedge-compensation, 

129, Observation of Solutions in the Saccharimeter. — In the fol- 
lowing considerations we shall keep the half-shadow saccharim- 
eters in mind as they have completely displaced the color in- 
struments. As the rotation dispersion of sugar does not agree 
absolutely with that of quartz, a slight but unimportant dif- 
ference innhe colors of the field of view is found in testing 
high polarizing sugar solutions. Although this does not inter- 
fere with the accuracy of the reading for a practiced observer, 
the adjustments of different observers with different degrees of 
color sensitiveness, may vary considerably from each other 
To eliminate the colors either a plate of potassium dichromate 
or a cell with solution of potassium dichromate is placed be- 
tween the light and illuminating lens , a dichromate plate in 
the ocular is not used As regards the changes in the rotation 
of sugar solutions for white light of different kinds of lamps 
It is found that appreciable differences occur only when ob- 
servations are made at one time with, and at other times with- 
out, dichromate plates.^ Still this point requires fuller syste- 
matic investigation. With reference to testing the saccha- 
rimeter scale by aid of the control tube it must be further re- 
marked that the illumination must not vary during determina- 
tion of the curve of errors. The curve finally found is, how- 
ever, independent of the illumination, as the error in the loc 

1 Ztschr fur lustrum , i6, 243 (1896) 
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point is placed equal to zero. If a change is made from one 
light to another, and a change in the loo point follows, that 
is, if the rotation of a normal sugar solution varies by V., 
then in a corresponding manner the point b of the scale would 
change by o oi a V. 

As complaints about continuous changes in the zero points 
of instruments are still heard in practice, reference must be 
again made to §96 These changes may be very easily avoided. 
The focal length of the illuminating lens must be chosen so as 
to be equal to half the distance between this lens and the ana- 
lyzer diaphragm, and the source of light is placed as far away 
from the illumination lens as the latter is distant from the 
analyzer diaphragm, or better so that after putting the absorp- 
tion cell in position a sharp image of the source of light will 
* be thrown by the illuminating lens on the analyzer diaphragm. 
If this IS the case observations may be made day after day 
without disclosing the slightest change in the position of the 
zero point, since in the sacchanmeters the polarizer and analy- 
zer are fixed in definite positions, or at least should be ; a lat- 
eral displacement of the source of light cannot be followed by 
a zero point change. 

If the Ventzke reading in the investigation of a sugar solu- 
tion is to be converted into circular degrees referred to sodium 
light, this may be done as explained in §127 by aid of the re- 
duction factor o 3468, although this properly applies to quartz 
plates only An absolutely accurate conversion is not always 
possible, because of the efiects of temperature and the varia- 
tions in the rotation with the illumination and color sense of 
the observer Tandolt^ has actually found in the observation 
of a cane-sugar solution in a Schmidt and Haensch half-shadow 
sacchannieter, with a gas lamp, that a rotation of 100® V cor- 
responds to the rotation of 34.65° ± o 05° for sodium light. 
But if it is required to accurately measure the rotation of a 
sugar solution for sodium light this must be done m a polar- 
imeter actually illuminated by sodium light. 

130. Effect of Temperature on the Saccharimeter Reading — In or- 
der to give an idea of the error which results through temper- 
ature changes in the determination of cane-sugar the errors 
from several sources will be discussed on the basis of a tem- 

1 l^andolt: Ber. d chem Ges ai, 194 (1888) 
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perature variation of 10® In the saccharimeter itself the 
wedge«compensation only is variable with the temperature ; 
the zero point is constant, but all other points change in value 
As we can take the temperature coefficient of quartz (and 
sugar also) as constant through the interval considered, for 
all wave-lengths, that is, the rotation dispersion as independ- 
ent of the temperature, a simple calculation shows that a tem- 
perature variation of 10° changes the 100 point (ioo° V.) 
about +0,15® V From this it will be recognized that the 
temperature of the compensation must be pretty accurately 
known if one expects to polarize within a few hundredths 
Ventzke ^ 

Now let us consider the polarization of a cane-sugar solution 
in the saccharimeter, and in order to have a definite case in 
mind assume that we have a normal sugar solution in a 20 cm. 
tube, which must therefore polarize about loo® V, If the tube 
is of glass its length will increase with the temperature, and, 
therefore, the rotation of the sugar solution also. A tempera- 
ture elevation of 10® corresponds to a change of +0 01® V , 
therefore, the change from this cause is inappreciable in ob- 
servations. But at the same time the concentration of the so- 
lution decreases with the increase in temperature, and the ro- 
tation must therefore decrease. As the coefficient of expan- 
sion of a normal sugar solution at about 20° is 0.000291, the 
increase of temperature through 10® produces a change in ro- 
tation of — 0.29° V. Besides this the specific rotation of cane- 
sugar decreases with increase in temperature, so that the angle 
of rotation still further decreases ; the older observations of 
Tuchschmid, Seyffart, and Andrews, which gave the specific 
rotation of cane-sugar as constant at different temperatures, 
are not correct, since the decrease in rotation with increase in 
temperature is even quite appreciable * On account of this 

I As regards the temperature of the wedge-compensation we are very much in the 
dark with the present constructions, as the temperature of the rather thick wedge 
and compensation plates follows variations in the room temperature very slowly It 
may, therefore, be recommended to place the compensation box in a confined space 
enclosed by non-conducting materials and have a thermometer, graduated in whole 
degrees, extend into the box It is also well to have the light passing into the apparatus 
aud that reaching the reading mirror also pass through a cell filled with water tc 
absorb the heat rays and yield a cold light 

See “ Die Thatigkeit der physikalisch-technischen Reichsanstalt ” under Schdn 
rock, Ztschr fur Instrum , 17, (1897), [But, contrary to the statement in the text, this 
was previously accurately pointed out by Andrews, Technology Quarterly, May, 1889 
p 367 See also later, under ’Constants of Rotation Tr ] 
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change in specific rotation the rotation of the normal sugar 
solution is decreased about — o 21® V. more by the 10° in- 
crease in temperature The whole change then is about — o. 50® 
V. From this it is seen how necessary it is to control the tem- 
perature in exact work. It must be further noticed that the 
errors due to the wedge-compensation and the sugar solution 
are to be added to each other, as indeed the rotation of quartz 
increases while that of sugar decreases with increasing tem- 
perature, so that the whole error of the polarization of the 
normal sugar solution will be o 65® V. If now it is expected 
to determvne the 100 point of a saccharimeter to within ±o.oj® V, 
by aid of a normal sugar solution, ihen^ aside from all other 
sources of error, and espeaally those in the preparation of the so- 
lution {temperature again /), the temperature of the compensa* 
tion and of the solution in the tube should not differ from that in 
the definition of the 100 point by more than o C Now, at 
least, one should be able to recognize how difficult the gradua- 
tion of a saccharimeter by aid of a normal sugar solution really 
is. As further, the mean adjustment error of the present half- 
shadow instruments is only about ±0 03® V , and as these 
sacchariineters are used only in technical work there would be 
no sense in increasing their delicacy still further, since, at the 
present time, polarizations are made with a degree of accuracy 
which IS wholly illusory. 

I The Solcil- Vents ke Saccharimeter, 

131. Description of the Instrument. — In the dCvScription of the 
different saccharimeters to follow, we vshall be very brief, since 
it is only necessary to add a wedge-compensation to any one 
of the polanmeters described above to have the corresponding 
saccharimeter. As explained, the first saccharimeter was 
made by the Pans optician, Soleil, and was later improved by 
Soleil and Duboscq. This is the so-called color saccharimeter, 
and is shown in Fig 53 It may be made by setting the Robi- 
quet polariscope, described in §100, at the position of optical 
equilibrium and then inserting a simple wedge-compensation 
between polarizer and analyzer. The light, therefore, passes 
the following parts in going through the apparatus from right 
to left ; first, the regulator of the sensitive tint not described 
25 
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above tinder the head of the Robiquet apparatus, and which 
must be referred to here, consisting of a nicol. A, which may ' 
be rotated, and a right or left quartz-plate, B, which is ground 
perpendicular to the axis, the illuminating lens C, the polari- 
zer D, the Soleil double plate E, the wedge-compensation E, 
the analyzer G, and the telescope H, As m the Robiquet 
apparatus, adjustment is made on the transition tint by move- 
ment of the long wedge ; that is, uniform color of the two 
fields is secured In §102, the drawback of the Robiquet 
instrument, that after inserting the rotating substance the 
transition tint no longer has the same color observed in finding 
the zero point, is referred to This fault appears in much less 



degree in the sacchanmeter because the rotation dispersion of 
the active substance is largely compensated by the quartz 
wedges But, in order to keep the shade of the transition tint 
as nearly the same as possible after putting in the active sub- 
stance, even if somewhat colored, and m order to give the 
observer the power of choosing the shade for the transition 
tint, for which the eye is the most sensitive, the so-called regu- 
lator has been added to the sacchanmeter The light polari- 
zed by the nicol A passes into the quartz-plate B and suffers 
rotation dispersion, and on account of this, and the relation 
of the position of A to B, certain rays will not pass through 
the latter, or will pass with diminished intensity. By rota 
ting the nicol A, the tone of the transition tint may, there 
fore, be changed at will 

The rotation of the tube which contains the regulator A I 
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is accomplished by aid of a spur-wheel and pinion, the latter 
* being worked by a rod attached to the button J The brass 
frame holding the large wedge maybe moved horizontally, and 
for this purpose is furuished with a lateral rack in which 
works a pinion wheel controlled by the button K. An inclined 
mirror, T, serves in reading the Ventzke scale, the image of the 
scale being thrown into the tube M which contains a magni- 
fying lens. In the illustration, a screw is shown at N by aid 
of which the analyzer may be turned and brought into the 
proper position with reference to the polarizer ; this movement 
must be made, however, only by the instrument-maker in 
adjusting the apparatus, so that the observer has nothing to 
do with the screw N As regards the use of the instrument, 
reference is made to §97 and §102 The mean error of a 
reading is about ± 0.2® V. 

As the adjustment to equality^ of tint in the field of view is 
not possible with color blindness, inaccurate with deficient 
color sense, and for most eyes much more tiresome than the 
adjustment to uniformity of illumination, the much more sen- 
sitive half-shadow instruments have properly displaced the 
color instruments completely It is quite in vain to attempt to 
make the color instruments more sensitive by giving a con- 
centric form to the Soleil double plate , the part of these in 
saccharimetry has been played and for good 

2, Half-Shadow Sacchanmeters 

132. Construction of the Instruments. — The half-shadow polar- 
iscopes contain, always, an illuminating lens, a polarizing 
mechanism, the analyzer, and a telescope. In the construction 
of saccharimeters, the following polarizing arrangements are 
usually employed. The firm of Schmidt and Haensch uses, 
in general, the Jellett polarizer (§109) for the saccharimeters 
with double field, the double field Tippich polarizer (§114) 
could, of course, be applied as well In the saccharimeters 
with triple field, the triple I/ippich polarizer is employed 
(§115). If, now, either kind of polarization apparatus is 
adjusted to uniform shadow on the fields of view, and a simple 
or double wedge-compensation is introduced between the 
analyzer and the analyzer diaphragm, the corresponding half- 
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shadow saccharimeter is produced. The light passes then 
through the following optical parts : the illuminating lens, 
polarizing mechanism, wedge-compensation, analyzer, and tel- 
escope Polarizer and analyzer must have a fixed position and 
be properly protected against any accidental displacement, as 
is the case, for example, in all the instruments made by Schmidt 
and Haensch It must be considered an error of construction 
to give a saccharimeter a variable half-shadow. The zero* 
point of the instrument varies naturally with the half-shadow. 
This should be made 5° to The mean error of an adjust- 
ment for a saccharimeter with double field is about db o 06° V, 
and for the saccharimeters with triple field, about o 03° V. 

Below a very condensed description of the commonly used 
types of saccharimeters will be given, with especial considera- 
tion of the mechanical construction. 


133, Half-Shadow Saccharimeter with Single Wedge-Compensation 
and Double Field (Schmidt and Haensch). — ^This apparatus is shown 
in Fig 54 The movable quartz wedge is mounted in a frame 
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attached to a lateral rack in which a pinion wheel controlled 
by the button A works. The reading of the scale and ver- 
nier is accomplished by aid of the inclined mirror in B, and 
lens in the tube C 

134. Half-Shadow Saccharimeter with Double Wedge-Compensation 
and Triple Field (Schmidt and Haensch) — ^in this instrument, shown 
in Fig 55, the black set screw A moves the working wedge 
while the yellow screw B moves the control wedge, and in 
such a manner that by aid of the lens C, the working scale is 
seen above and the control scale below. As regards the illu- 
mination of the scales this is accomplished by means of the 
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mirror D, which is attached to the ball and socket mechanism 
at E, and which may be so turned as to receive light from the 
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illuminating lamp and throw it through the matted upper sur- 
face of the glass plate F on the scales The small screen G 
serves to protect the scales from outside lights 

135. Beet- juice Saccharimeter with Limited Enlarged Scale.^' — This 
instrument, the front part of which is illustrated m Fig. 56, 
was constructed by Schmidt and Haensch from a suggestion 
of Stammer. It is distinguished from the previously described 
instruments only by its limited scale extending from o® to 35° 
V. A reading of higher degrees is not necessary, since it is 
used only for the determination of sugar in beets. In order 
to carry out the polarizations in such cases, where in a short 
time the largest possible number of tests must be made, and 

1 stammer ; Ztsclir fiir Kiibeuzucker-Ind , 37, 474 (1887), Schmidt and Haensch 
Jhid,y 43, 1040 (1893) 
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to avoid the delay of reading by the telescope, the instrument 
is furnished with an enlarged scale which permits an easy 
reading to o. i of i per cent, with the unaided eye, and even 
at a distance. The mechanism consists of a segment of a cir- 
cle attached in upright position to the wedge-compensation, 
and on which the beet-juice graduation of o° to 35® V is 



. Fig 56 


marked. In the center of the segment there is a small drum, 
i?, which IS kept in position by a spring , this drum is attached 
to the movable wedge by a thin steel chain in such a manner 
that when the wedge is moved to and fro by the button Ky 
the drum R is brought into motion, and then the long pointer 
joined to it moves over the graduation of the segment If the 
diameter of the drum bears a certain relation to the length of 
the movable scale, then the circular segment graduation gives 
exactly the whole and tenths of per cent, of the scale 
To secure accurate adjustment the apparatus is brought to 
the point of half-shadow uniformity ; if the scale then does 
not begin at o® a correction is made by a key to be attached 
to V. In this position the pointer of the circular graduation 
should stand at o® also ; any necessary correction of this zero 



HAI,P-SHAD0W SACCHARlMJ^tlECR 


39X 


point may be made by a slight movement of the small scre^ 
fastening the chain to the wedge, which is accomplished by aid 
of the little set lever S. Any movement of the wedge ex- 
pressed in per cent, must be exactly duplicated on the circular 
graduation. If this is not the case a correction is made by 
turning the nut attached to a little on or off, which has the 
effect of slightly increasing or decreasing the diameter of R, 
and, therefore, of making the deflection of the pointer less or 
more, to correspond. The whole adjustment must be revised 
from time to time. 

136. The Half-Shadow Sacchanmeter of Peters.^' — This instru- 
ment, shown in Fig 57, is distinguished from the foregoing in 
several points which will be explained. It is a half-shadow 
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sacchanmeter with Tippich polarizer and double wedge-com- 
pensation, and is supported on two unusually stable feet, which 
prevent upsetting the instrument In the brass shell A, 
there is a wide glass tube with end plates, like a polarizing 
tube, which may be filled with a solution of potassium dichro- 
inate. The pointer at B is used to turn one of the nicols of 
the Lippich polarizer ; the scale is placed below here in order 

1 Peters (Berlin) Ztschr. ftir RUbenzucker-Ind , 44, 221 (1894) 
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to be able to illuminate the Ventzke scale above by mirror re- 
flection from the polarization lamp. The pointer at B is usually 
left 111 a fixed position and can be moved only by aid of a special 
key. But this possibility of regulating the half-shadow is 
without value in a technical instrument and may give rise to 
serious errors ; for as often as the index B is moved the ana- 
> lyzer must also be turned to the point of equal illumination of 
the two halves of the field ; the technical saccharimeters must 
have, beyond question, a fixed half -shadow. The apparatus 
has no lid at C, but closing is effected, after laying in the ob- 
servation tube, by rotating a movable, half-open shell The 
final adjustment screws are extended by means of universal 
joints so as to reach nearly to the table on which the apparatus 
rests, which makes it possible to move the compensation with- 
out lifting the arms. The screw D, which works the right 
scale, IS placed somewhat lower than E, which turns the left 
one, so as to avoid possibility of confusion. 

137. Half-Shadow Saccharimeter of Josef-Jan Fric.’ — This instru- 
ment with double wedge-compensation, the front part of which is 
shownin Fig. 58,1s distinguished from the ordinary constructions 
in this that each one of the two scales is read by a special lens and 



58. Fig: 59 

1 Joseph-Jan Fnc (Prague) Oesterr-ITugar Ztscbr fur Zuclcenndustrie, V 
Heft (1895} H Sargent & Co , Chicago, are the American agents for these new 
instruments 
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illuminated separately by a new and excellent arrangement, 
the details of which are shown in Fig 59 diagrammatically. 
The light coming from the regular illumination lamp is re- 
flected by the movable mirror A and passes through the 
milk-glass plate B upon the scale C, the surface of which 
IS so inclined toward the mirror D, that the light reach- 
ing the latter is thrown in the direction of the optical axis 
of the telescope E. The so illuminated metallic scale C ap- 
pears on account of the diffuse light from the milk-glass 
plate, as distinct as the old ivory scales The left telescope 
with black mountings reads the working scale, while the right 
one with red mountings reads the control scale. Besides this, 
the control scale is seen by red light, since the milk-glass 
plate in this case is replaced by a plate of red glass, to exclude 
possibility of mistake in reading. 

c. Illuminating Lamps. 

7. Lamps for White Light 

138. Schmidt and Haensch Gas 
Lamps. — Great importance need 
not be attached to perfect uni- 
formity in illumination as long 
as a correct passage of the rays 
through the apparatus is provi- 
ded for according to §96 and 
§129, Changes in the intensity 
of the light bring about no 
changes, then, in the zero point, 
and It is immaterial whether we 
use a flat burner or a round one. 

A very convenient form of lamp 
is .shown in Fig. 60, which em- 
ploys gas, and is furnished with a 
triple flat burner, metallic chim- 
ney and a reflector. As these 
gas and petroleum lamps are usu- 
ally still furnished with a ^ 
called condensing lens which, as a ^ 

matter of fact, has no importance,^ so- 

1 The lens does not increase the intensity of the illumination, and always inter- 
feres with the correct passage of the rays 
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in ordering a lamp one should be careful to secure a form 
which has in place of this lens a clear glass plate. 

139. The Hinks Petroleum Lamp — For use with petroleum, the 
Hinks duplex lamp with metallic 
chimney, shown in Fig. 61, has 
given excellent satisfaction. Before 
lighting the lamp, the precaution 
must be taken to see that the cap 
used to extinguish the flame is 
shoved back into its proper place, by 
aid of the lever on one side of the 
burner, so as to leave the wick per- 
fectly free to burn evenly. 

140. Lamps with the Welsbacji Incan- 
descent Gas Light. — On account of 
their intense light these can be 
strongly recommended for the illu- 
mination of saccharimeters For 
this purpose the ordinary lamp with 
glass chimney is furnished with a 
second outer chimney of porcelain or 
asbestos, which at the proper point 
is provided with a suitably large 
opening to permit the passage of the 
light. The polariscope is naturally 
directed toward the brightest part of the glowing substance. 
It IS not at all necessary to use a ground-glass chimney, as, 
with proper distance between lamp and instrument (§129), the 
meshes of the mantle do not disturb in the slightest degree, 
since, in fact, the image of the glowing body produced by the 
illumination lens is formed at the analyzer diaphragm 

14 1. Lamp for Electric Light. — ^This consists of a stand with 
the necessary connecting wires on which a very strong incan- 
descent lamp (of about 50 Hefner units with 100 to no volts) 
can be moved in vertical direction. The metallic cylinder sur- 
rounding the globe has an opening in the right place to allow 
the best part of the light to pass 

142. Zirconium Light. — ^The zirconium light is, by far, the 
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most intense white light. To produce it a I^innemann burner 
fed by oxygen and illuminating gas is used, the hottest part 
of the flame being directed against a plate of zirconia in a 
platinum support.^ Instead of a zirconia plate a cylinder 
of the same substance may be used.’* It is most advantageous 
to place the burner in a large sheet-iron box provided with 
windows, a door, and an inclined chimney. The lime light 
burners, fed by illuminating gas and oxygen, may also be 
strongly recommended ® 


2, Lamps for Homogeneous Light 
143. Simple Sodium Flame Gas-Lamps.^— In order to secure a 
sodium flame of considerable dura- 
tion, the lamp illustrated in Fig. 62 
may be used This consists of a Bun- 
sen burner which may be adjusted in 
vertical position, over which a me- 
tallic chimney is placed. The gas 
entrance, s, is found at one side 
where it will not become clogged by 
bits of salt dropping from the flame 
The chimney may be adjusted by 
aid of the screw h at the proper 
height. At the top of the column, 
which may be rotated, a rod is at- 
tached horizontally which carries 
at its end a bundle of fine platinum 
wires. These are so bent that they 
form a little pointed spoon. If this 
is filled with well dried salt and 
turned so as to rest in the front side 
of the flame, the melted salt is drawn ^ \ 
up into the point of the spoon and^.,..-'^^^- — 
produces an intense yellow light on — Pig 
volatilization. By aid of the sheet 

metal shutter k, which has an opening, the light from the 



I I^innemaiin “ Ueber cm neues I^euchtgas-Sauerstoffgeblaesse und das Zir- 
konlicbt,” Wiener Sitzungsberichte 11 , 1248 (1885). 

3 From M Wolz, in Bonn 
s From Meckel, Kaiaerstrasse 32, Berlin. 

* From Schmidt and Haensch, Berlin. 
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brightest part of the flame only may be allowed to pass 
A second sodium lamp, which is very much|like the first, 

is shown in Fig. 63 ; the 
application will be read- 
ily understood. Instead 
of salt, well calcined so- 
dium carbonate may be 
used in these lamps , the 
volatilization is slower, 
but the intensity of the 
light, at the same time, 
less 

144. Pribram’s Sodium 
Lamp.^ — If it is necessary 
to work’a long time with 
constant illumination , 
the Pribram lamp, shown 
in Figs 64 and 65, is 
found useful The gas 
led in at a emerges 
through the fine open- 
ings at b and mixes in 
the burner top c with the 
air which enters at d, the 
flow of which may be reg- 
ulated by turning a per- 
^ f orated disk by aid of the 
lever k. The gas is ig- 
nited at the gauze top of 
the burner at e. The 
chimney b, which is lined 
with asbestos, has four openings, through one of which, ni, the 
light reaches the polariscope, while a second one, 1, is furnished 
with a cap and serves for igniting and observing the flame. 
At g and h two little platinum boats, which are filled with 
fused salt, may be introduced into the flame. 

I Pribram “ Ueber einen neuen Brenner fur Natriumlicbt,” Ztschr anal Chem., 
34, 166 (1895), made by Scbmidt and Haenacb 
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145. Landolt’s Sodium Lamp.' — A much stronger sodium light 
than that furnished by the burners described may be secured by 
the lamp shown in Fig 66 A Muencke burner (Bunsen lamp 
with conical wire gauze top and so strong an air supply that 
the inner dark cone of the flame disappears) is supported on 
an iron stand, the upnght rod of which carries a square chim- 
ney, B, made of sheet iron The front side of this chimney 
has a round opening, over which the plate C, with three holes 
of 20, 15, and 10 nun. diameter, may be shoved Two nickel 
wires, D, are laid across the sheet metal cylinder at the top of 
the lamp A, resting 111 notches m the cylinder, and around 
the middle of these wires pieces of nickel gauze are rolled 
The meshes of this gauze are filled ivith salt, and most easily, 
as shown in Fig. 67 , by laying them in a little trough of nickel 
foil in which the salt has been previously melted by aid of two 
Terquem burners. By placing the cylinder of the Muencke 
burner low, so that the salt is just over the wire gauze cone of 
the lamp, a very intense color is produced at the front and back 
of the flame. 

1 I^andolt “Natrlumlainpe fiir Polarisatiousapparate,” Ztschr ftir Instj;un? , 4, 390 
(1884), made by Muencke, Berlin. 
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Fig 66 , Fig 67 


If instead of common salt dried soditim bromide is used, 
following the suggestion of Fleischl v. Marxow,^ a very much 
more intense light is secured ; but the sodium bromide volatil- 
izes much more rapidly than the chloride and bromine vapors 
escape from the flame In working with sodium bromide one 
must, therefore, place the burner under a good draft, as 
otherwise the polariscope may be completely ruined by the 
bromine vapors 

146. Intense Sodium Light, — very high illuminating power 
is found in the pencils suggested by du Bois,’^ consisting of 
sodium bicarbonate and sodium bromide in gum tragacanth, 
heated in the Lrinnemann oxygen blast-lamp As these pen- 
cils give out bromine vapors, a good draft must be provided 
Besides this, the greatly increased illuminating power calls 
for a great consumption of material, so that a rod about 4 mm. 
thick and 14 cm. long is completely burned in about ten min- 
utes. If one wishes, therefore, to work with these pencils, it 
IS necessary to have an assistant or a clock-work mechanism 
to continually regulate the flame. These drawbacks are 
avoided by using, according to Gumlich,® rods of fused sodium 

1 Fleischl V Marxow Wied, Ann , 38, 675 (1889) 
s Du Bois : Ztschr fiir Instrum , la, 165 (1892) 

8 Gumlich Ibid , 16 , in (1896). 
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carbonate about 6 mm, thick and 15 cm. 
mann oxygen blast-lamp. No objectionable vapors are pro- 
duced, and the rods bum so slowly that in a period of about 
seven minutes it is usually not necessary to change their 
position. Although the intensity of the light produced is not 
quite equal to that from the du Bois pencils, it is quite sufi6- 
cient for nearly all purposes m polarimetry. As, furthermore, 
the use of these soda pencils is quite cleanly, the volatilization 
of fused rods in the oxygen lamp may be strongly recom- 
mended. 


Ptirijicahon of the Soditim Light Optical Center of Gravity 

147 , Lippich* s SodiumLight-Filter — In the following considera- 
tions, in order to have a specific kind of instrument in mind, 
we shall assume that all observations are made with a I^ippich 
half-shadow apparatus with double or triple field As the 
following paragraphs will take up also the comparison of 
polavimetnc measurements, it may be remarked at the outset 
that the discussion can not be a complete one, because, in the 
first place, the limits of the book would not justify it, and, 
secondly, because in many cases it would not be possible to 
verify theoretical considerations by experimental data avail- 
able 

Assume a substance having the power of rotating the plane 
of polarization and kept under constant conditions It wull 
then rotate lights of all wave-lengths through definite angles, 
depending only on these wave-lengths I,et the rotation 0 
correspond to the perfectly homogeneous light of wave-length 
A.. Now, suppose the apparatus illuminated by mixed light 
made up of light of wave-length \ and light of wave-length 
\ I^et Aj be smaller than A., and A.,, greater than A, but so 
nearly the same that the eye may not recognize the difference 
in shade between them. Notwithstanding the consequent 
rotation dispersion, it will then be possible to find the angle 
of rotation 0 ^ of the substance for this mixed light, as well as 
if the instrument were illuminated with perfectly homogeneous 
light. The same angle of rotation, 0 ^, would be found by 
using for illumination, a perfectly homogeneous light of wave- 

1 Mppicli Ztschr. Mr Instrum., 13 , 340 (189a) 
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lengtli ^3. It may be said, therefore, that for polarimetric meas- 
urements, \is the optical center of gravity of the mixed lights 
of wave-lengths \ and that zs, tf this mixed light be em- 

ployed, rotations are obtained which actually correspond to the 
wave-length A3. As all polarimetric measurements depend 
finally on comparisons of brightness, it may be recognized 
directly that the optical center of gravity A3, depends not only 
on the wave-lengths A, and A^ but on the intensities of the two 
homogeneous components. For a definite condition of bright- 
ness in the two components we have, for example, Ag = A and 
consequently = p ,\i now, the brightness of the component 
Aj increases, then the optical center of gravity A, will 
approach A^ from A. It may be now shown that the optical 
center of gravity \ depends simply and alone on the wave- 
lengths and degrees of brightness of the hvo homogeneous com- 
ponents in the source of light, and not on the rotation dispersion 
of the investigated substances, or on the amount of the angle 
of rotation or the size of the half- shadow angle chosen, as long as 
the observations are made with the Lippich apparatus, and the 
absorbing power of the substance is relatively the same for the two 
components In investigating substances with considerable 
color, care must be taken to see that this last condition is ful- 
filled , m what follows, uniform absorption is assumed. 

If we pas'^ now to the general case, that is, if we avssume 
that the source of light furnishes light of all wave-lengths, 
then, for polarimetric purposes, a definite optical center of 
gravity will correspond to this light also, as long as the field of 
view possesses the same color when the point of optical equilib- 
nuni IS found with the observed substance in position, as it had 
at the time of the zero-point determination If this is not the 
case, then the optical center of gravity depends on the color 
sense of the observer, and the adjustment for reading becomes 
more and more inaccurate with increasing difference in color. 
With constant color , it may be shown, as before, that the optical 
center of gravity of the source of light depends simply and alone 
on the relative distribution of intensity in the spectrum of the 
source of lights as long as the absorption of the active substance 
is relatively the same for all wave-lengths in the light in ques- 
tion, We have then this important result, that under the 
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assumed conditions^ a definite optical center of gravity corresponds 
to any given source of light, whuhis the same for all Lippich 
instruments. Of course, oth^r sources of light which show the 
same relative brightness in their spectra, have the same 6ptical 
center of gravity. If the light is purified by passing through 
light filters, the real source of light must now be taken as that 
corresponding to the new optical center of gravity. In what 
follows the optical center of gravity will be given for the 
sources of light mentioned, as far as this is possible with the 
present meagre and inaccurate determinations 

We shall consider first the most commonly used homogene- 
ous light, the sodium light. Every source of sodium light 
gives a continuous spectrum, in which, however, the light of 
the sodium lines is enormously in excess. If now, smaller 
rotations are measured with the unpurified sodium light, the 
rather dark field of view will disclose no color. But as soon 
as large angles of rotation are to be measured the field of view 
appears distinctly colored and the sodium light must be puri- 
fied from foreign rays The color of the field depends on the 
rotation dispersion of the active substance. As the analyzer 
is always so placed that the yellow sodium light is nearly ex- 
tinguished, It follows that with large rotations the blue rays, 
for example, which are much more strongly rotated than the 
yellow, are able to pass through the analyzer but little weak- 
ened and, therefore, impart a blue color to the field of view The 
shade depends on the rotation dispersion of the active sub- 
stance, and the amount of the angle of rotation. In the course 
of time a large number of absorbing substances have been sug- 
gested to purify the sodium light, ^ of which, up to the present, 
the Lippich sodium light filter is the best, if for the moment 
we leave the complete spectral purification out of consideration ; 
therefore this Lippich light filter only will be specially de- 
scribed. 

The Lippich sodium light filter is an absorption cell consist- 
ing of two chambers which the light passes m succession, and 
which are closed by plane plates. “ The larger of the two 
chambers has a length of lo cm., the smaller a length of 1.5 
cm. The large chamber is filled with a filtered 6 per cent, so- 

^ The light filters must he placed between the lamp and the illumination lens 

® It is made by Schmidt and Haensch, Berlin. 

26 
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lution of potassium dichroniate, in water In the smaller cell 
there is a solution of uranous sulphate, This is deep 

green and must be made by reduction of the corresponding 
uranyl salt, USOg. As the uranous salt solution passes into 
the other by oxidation in the air, a perfectly air-tight cell must 
be provided, and the solution must be renewed from time to 
time. The uranous sulphate solution is made as follows • 5 
grams of pure uranic sulphate is dissolved in 100 cc of water 
and 2 grams of pure zinc in powdered form added. Then 3 
cc. of concentrated sulphuric acid is added in three portions, 
waiting after each addition until the reaction is nearly com- 
plete ; the flask must remain closed After the addition of the 
last portion of acid the closed flask is allowed to stand about 
six hours ; the liquid is then filtered and filled into the cham- 
ber in such a manner as to leave the smallest possible air bub- 
ble After a day the solution comes to rest and remains one 
or two months constant. The weights and volumes given 
above must be adhered to within Vioo of their amounts While 
the potassium dichromate absorbs a part of the green rays and 
the blue rays, the uranous sulphate solution has a wide and 
deep absorption band in the red which reaches nearly to the 
D lines. A spectrum is, therefore, obtained in which only a 
small band with the D lines in the middle is present. The 
two solutions produce so complete a purification of the sodium 
light that even with a rotation of 50® and a strong illumina- 
tion, difference in color is scarcely perceptible It is, therefore, 
desirable that chemists in general should employ this lyippich 
filter for the purification of sodium light, and especially for the 
reason that thereby the results of different observers would be 
comparable among themselves 

148, Optical Center of Gravity of Sodium Light. — Completely pu- 
rified sodium light consists of the light of the two D lines and 
extremely little light of adjoining wave-lengths. Following 
Belfl we shall take the wave-length of the less refrangible so- 
dium line Dj, as 589.62 and of the more strongly refrangi- 
ble one Dj, as 589.02* In close agreement the observa- 
tions of Soret and Sarasin,* and of Tippich® have shown that 

1 Bell Phil Mag [5] 35, 245. 350 (^888). 

2 Soret and Sarasin Compt. rend , 95, 635 (1882) 

8 nippich Wiener Sitzungsher, H, 99, 722 (1890) 
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for a quartz plate i mm. in thickness the difference in rotation 
of the two D lines corresponding to the 0.60 is about 160" ^ 
Therefore a difference in rotation for i mm. of quartz, J /?, 
corresponding to a change, J A., m the wave-length in the 
neighborhood of the D lines may be calculated from the equa- 
tion, d /?/d X = —266 If, therefore, we determine 

as lyippich did, the rotation ^ of a quartz plate for homogene- 
ous light of wave-length A. = for example, and then the 
rotation for any other sodium light, we are able in the sim- 
plest manner, by aid of the above equation, to calculate the 
optical center of gravity corresponding to But this optical 
center of gravity is not peculiar to the quartz alone, but it 
holds good for all substances, since, as was explained in the 
last paragraph, the optical center of gravity of a source of 
light is independent of the rotation dispersion and of the size 
of the angle of rotation. It is, therefore, possible to find, with 
the aid of a quartz plate, the optical center of gravity of the 
different kinds of sodium light 

We may now calculate this optical center of gravity for per- 
fectly purified sodium light, and it may be assumed that it 
contains only the light of the two D lines According to Die- 
trich“ the relation of the intensities of the two lines is DjDi == 
I 6. By aid of this value and the wave-lengths given above 
for the D lines the optical center of gravity of the fully puri- 
fied sodium light IS found to be 589 25 fj.}x , the method of cal- 
culation need not be discussed here Lippich has experi- 
mentally determined the optical center of gravity for several 
sodium lights the wave-lengths of the center given in the 
table below differ from those stated by I^ippich in the paper 
cited, by a constant difference, because he assumes a wave- 
length for Dg different from that we have taken above Finally, 
it is possible to calculate from some observations of Landolt* 
the optical center of gravity of unpurified sodium light (I^an- 
dolt sodium lamp with NaCl) as 588.06 In the following 
table the determined optical centers are grouped for comparison, 

^ About the same value Is given by the Boltzmann dispersion formula for quartz, 

2 Dietrich Wied Ann., la, 519 (1881). 

# lyippich* Ztschr. fiir Instrum., la, 333 (1892) 

^ Daudolt* Ber. d. chem, Ges., ay, 2885 (1894) 
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. Optical CKN'r:eRS of Gravi'ty of Sodium Light, Assuming 
589,02 /AjU AS THIS WavK-LKNGTH OF D^.. 


No. 

Source of I^ight 

Purification 

Wave- 
lengths 
in iJi.fL 

I 

Bunsen burner 
with NaBr 

Uayer of a 9 per cent aqueous solu- 
tion of KjCrgO^ 10 cm thick 

592.04 

2 

Bunsen burner 
with NaCl 

Layer of a 9 per cent aqueous solu- 
tion of KaCrgO., 10 cm thick 

58948 

3 

Bunsen burner 
with NaCl or NaBr 

Lippich’s sodium light filter, 
KjCrgO^ and US^Og 

589.32* 

1 

i 

4 

Sodium light 

Perfectly purified spectrum light 
The two D lines only 

58925 

5 

Landolt’s sodium 
lamp with NaCl 

Layer of a 6 per cent aqueous solu- 
tion of K2Cr207 15 cm thick 

588.94 

6 

Bunsen burner 
with NaCl 

Layer of a 9 per cent aqueous solu- 
tion of KjCraO-y 10 cm. thick, and 
layer of a 13 6 per cent aqueous 
solution of CuCla t cm thick'* 

588.91 

7 

Landolt’s sodium 
lamp with NaCl 

Not purified 

588.06 


It must be again remarked that these optical centers of 
gravity are exact only when the active substances under in- 
vestigation do not appreciably alter the distribution of the 
intensity of the light from the source employed If, in illus- 
tration, the rotation of a quartz plate is found to be 20® with 
light No I, the same plate will show a rotation of 20.27® with 
light No. 7 ; the difference amounts to 16.2 minutes of arc, 
certainly a considerable amount. It is plain, therefore, how 
important it is in statements of rotations for sodium light to 
give at the same time the optical center of gravity of the light 

1 The optical center of gravity is therefore found midway between the two D lines 
and it IS further seen that, after purification with the I^ippich filter, even large varia- 
tions in the intensity of the sodium light do not appreciably affect the optical center 
of gravity 

2 One gram of cupnc chloride to 6 35 cc. of water 
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used, as otherwise the rotations are uncertain to the extent of 
I per cent, or more. If we consider, foi example, the results 
which the different observers found in the determination of 
the Verdet constant for the electromagnetic rotation of the plane 
of polarization, it is evident that the measurements of these 
different observers are not directlycomparable with each other.' 
Nearly every one of the seven observers employed a dif- 
ferent source of sodium light and method of purification, and 
besides this, several values have eveiT been found with the 
Laurent half -shadow instrument (see §113) ; furthermore, 
the electromagnetic rotation dispersion for carbon disulphide 
and water is somewhat greater than the natural rotation dis- 
persion of quartz 

149. Spectral Purification of Sodium Light.® — In very exact work 
physicists will always prefer spectral purification of light to 
that by means of filters The spectral purification has always 
this great advantage over the filter method, that it permits the 
yellow rays to pass uudimmished into the instruments while in 
the light filters, a certain amount of the light is always 



absorbed For the purpose of spectral purification, it is not 
recommended to use the Wernicke liquid prism, because, in 
consequence of the heating effect, the course of the rays is 
subject to constant changes ; it is much better to use glass 
prisms. The following method of spectral purification of 
sodium light has been found by the author through long ex- 

1 A tabular compilation of all the absolute determinations is found in Ztschr 
fur Instrum, 16,383 (1896) Notice, especially, the almost impossible accuracy with 
which several observers claim to have established the value 

® See, also, Brodhun and Schbnrock Ztschr fiir Instrum , 16, 244 (1896) 
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perience to work well ; it may be used also in tlie purification 
of any other homogeneous light. By aid of the lens B (Fig. 
68) , a sharp image of the source of light A is thrown on the 
slit-screen C. The light which passes through the slit falls 
on the achromatic lens D and is then decomposed by the flint 
glass prism E, placed in position of minimum deviation. A 
sharp image of the luminous slit C, with the spectrum, is 
thrown on the second slit-screen G by the lens D. In order 
to secure the greatest possible dispersion, the distance between 
D and G is taken rather great, say 2 to 3 meters. The rays 
are then suf&ciently parallel in passing the prism E. Just in 
front of the slit G there is a lens F, which produces a sharp 
image of the lens D on the illuminating lens H of the Eippich 
apparatus. The slit G, which passes the purified sodium light, 
must naturally have such a position with reference to the lens 
H that the latter will produce a clear image of G at the 
analyzer diaphragm. As D is pictured at H, it follows that 
the former must be uniformly illuminated by the slit C, which 
however may be accomplished without difficulty. Aside from 
^reflexions, there is, therefore, no loss of light on the way 
from C to H. The active sections of the lens D and prism E 
must be chosen large enough, so that the polarizer diaphragm 
will be quite filled with light. The width of the slit G is, of 
course, made only as great as required by the analyzer 
diaphragm and focal length of the illumination lens H in order 
to secure maximum brightness in the field of view ; and, 
accordingly, the slit C is made so narrow that its enlarged 
image formed by the sodium rays is just sufficient to fill the 
slit G. As regards the centering of the course of the rays, it 
may be remarked that we begin with H and place G, then F, 
and the following pieces in position. Of course, the pieces 
from B to G need not be united in one apparatus ; it is better 
to have them attached to small stands which may be moved 
into the right positions and then made fast to the table with 
wax. Although the light rays, if the dispersion is sufficiently 
great, must pass through a distance of 5 or 6 meters from 
the source of light to the eye of the observer, it is still pos- 
sible to build up the whole apparatus in a rather small room if 
a plane mirror is placed in the prolongation of the axis of the 
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apparatus between E and F. The pieces from A to E can then 
be built up parallel to the apparatus and but slightly removed 
from it, and the sodium light thrown into the instrument by 
aid of the mirror. The spectral purification of the light se- 
cured by this method is so perfect that even with an angle 
of rotation of 500°, the slightest color in the field of view is 
not apparent. 

150. Dependence of the Optical Center of Gravity on the Brightness; 
that is, on the Amount of Luminous Vapor in the Unit of Volume of 
the Source of Light. — We have now to consider the question: 
Is the optical center of gravity of a purified homogeneous light 
a function of the brightness of the light ? Although the case 
of sodium light is* somewhat complicated, we shall take it up 
first, since this homogeneous light is the one most commonly 
used. We shall assume then, in what follows, completely 
purified sodium light ; that is, light consisting of the two D 

n 



613 Xin/x/u 589,62 & 89,02 666 

Pig 69 


lines and extremely little of neighboring wave-lengths, such 
as IS obtained by the method of spectral purification described 
in the last paragraph. The relative distribution of brightness 
in the spectrum of this sodium light corresponds approxi- 
mately to Fig 69 in which, as absassas, the wave-lengths A. 
are expressed in pi/^, while the ordinates represent the inten- 
sities for the corresponding wave-lengths ‘ The light of the 
line Dj is, according to Dietrich, about i.6 times as bright as 
that of Dj. After satisfactory spectral purification light be- 

1 The false light is, of course, much too bright xn the representation. 
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tween the w^ave-lengths 613 and 565 approximately, 
will enter the polarization apparatus ; as this spectrum is very 
long for the dimensions chosen in the figure, only the middle 
and end portions are represented. The optical center of gravity 
of purified sodium light from all sources is the same as long as the 
mean wave-lengths of the two D lines, and also their relations as 
regards brightness, are constant} 

We may consider first, a source of sodium light of constant 
luminosity, which, after purification, reaches the illumination 
lens of the instrument with a perfectly definite optical center 
of gravity, and ask now if this center is altered if the light at 
any part of its path is uniformly weakened. This could be 
the case, only if the wave-lengths were variable with the in- 
tensity. Now, Lippich^ has shown experimentally the con- 
stancy of wave-length with different values of the intensity to 
within Vioo ono 000 of the value of the wave-length. His conclusions 
were later confirmed by Ebert,® who obtained results by the 
method of high interferences which, with proper homogeneous 
light, showed constancy in wave-lengths to within Vi.o()o.ooo ^or 
values of the intensity varying between the limits of i and 
250 Ebert was able to show for 'the light of the two D lines 
especially, that a diminution to 3 per cent, of the original 
brightness did not change the mean wave-lengths Vsooono^f their 
value , that is, not by o 001 /iju We have then this important 
result, that with unchanged emission from the source of light, the 
optical center of gravity does not vary with the intensity. 

Now let us suppose the emission from the source of sodium 
light to change by altering, for example, the brightness As far 
back as 1871, Zollner* showed that when by moving the salt 
globule more or less completely into the Bunsen flame, differ- 
ent amounts of sodium vapor were produced, the line Dg in- 
creased in width more rapidly than with increasing bright- 
ness, and that widened more rapidly toward the side of 
greater wave-lengths than toward the other, while no such dis- 

1 The continuous spectrum of thejfalse light in the sodium light does not change 
the optical center of gravity of the two D lines, because the brightness of the whole 
rangq of the narrow portion of the spectrum from which light enters the apparatus 
maybe taken as constant 

® Irippich , Wiener Sitzungsber , II 7a, 355 (1875) 

8 Ebert Wied Ann , 32, 337 <1887) 

4 Zollner Pogg Ann , 14a, S8 (1871) 
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placement of the center of D, on widening was to be observed. 
From these oteervations, it follows that a change in the opti- 
cal center of gravity is indeed possible with a change in bright- 
ness in the sodium light. On what does the widening of a 
spectrum line depend ? As even the most homogeneous spec- 
trum line is formed by a series of elementary rays whose wave- 
lengths are infinitely close together, it must follow that the 
intensities of the elementary rays are a continuous function of 
the wave-lengths. The brightness of the spectrum lines can- 
not, therefore, change .suddenly on the sides but must grad- 
ually decrease to zero. If .such a line is broadened, it is the 
intensities of ju-t those wave-lengths on the edges of the spec- 
tral lines which are ki much increased that they become per- 
ceptible to the eye. We must, of course, di.stingui.sli between 
this broadenitig ami the displacement of the mean wave-length 
( the tiptical center of gi avity ) of the .spectrum Hue in question ; ' 
this displncemeiit may depend on a broadening of the hue as 
well .IS on a ch.uige m the form of its intensity curve. 

The observations of Zollnei wctc fully confirined by work 
of liltcit ' As the l.illcr, in the.se investigalioiis, made quaii- 
til.ituc ine.isurcmciits by the inethod of high inlerfercnces of 
the changes in ine.iii n.nc-lctiglhs of seveial lines of the spec- 
tinm. sii th.il we h.i\c tull ilal.i a)uceining the ainount of pos- 
sibli- tlisplaccinculs. this woik of liheit’s imisl be regaided 
.IS ol gu’.it imiHiit.uuv in polaiinietiy and will, tlieiefore, re- 
t i-ivclu'U-clo-er attention. Inliisexperimcnts, Ivbert employed 
.1 TcupU'in buiuci, ami niodilicd Uie emussion of light by 
moving the "ult globule to a gieater 01 less depth 111 the flame. 
As Umg as the .s.ilt just touches the edge of the flame, the 
\,ijKiri/iition and brightness aie .small, but these increase as 
the globule is p«she<l further into the flame until a point is 
leaehetl near the inner cooler /.one where the vaporization 
ag.iin decreaws. With such alterations in brightne.s.s, Ebert 
fiiuml ilisplaccments of the mean w'ave-lengtli of sodium light 
aimnmting U* n 044 and increasing toward the less refran- 
gible end of the .sjiectrum, with increase in brightne.ss. Ai 
iht :&>ne Ume Ebert showed for sodium light as well asjor sev- 
eral other spectral tines, that primarily neither the thickness of 

) Kliert Wivd Ann., W 
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the luminous layer nor the temperature of the source of light or 
the chemical changes taking place in it cause any changes in the 
wave-length^ hut that the mean wave-length depends simply and 
alone on the density of the vapor ; that is^ on the amount of vapor 
of the luminous substance in the unit of volume^ and varies with 
alterations in the density of this vapor. It is also true that the 
amount of change for the different sodmm salts under the 
same conditions of vaporization is, in general, not the same ; 
but the variations are not large. If now a change in bright- 
ness obtained by aid of a Terquem burner and salt bead pro- 
duces a displacement of the optical center of gravity of sodium 
light amounting to 0.044 one may not be mistaken in as- 
suming that with much greater changes in illumination the 
displacement of the center will probably be still more marked. 
This view has recently been completely verified by Schonrock,^ 
and by aid of polarization apparatus which for such investiga- 
tions is doubtless more sensitive than Elbert’s method of high 
interferences. 

Schonrock worked with a I/ippich half -shadow instrument, 
and employed as source of light the Linnemann oxygen blast- 
lamp descnbed in §142, in which sticks of fused sodium car- 
bonate were vaporized , the sodium light obtained was purified 
perfectly by a flint glass prism with a ray path of about 3 
meters It could then be shown easily that the optical center 
of gravity varied considerably with the brightness of the flame, 
since the amount of an angle of rotation must vary corre- 
spondingly If by use of a perfect quartz-plate or a cane-sugar so- 
lution an angle of rotation of about 100® is obtained, this is found 
to decrease about 140 seconds of arc when the stick of sodium car- 
bonate is moved more and more into the hottest part of the flame. 
The zero point of the instrument is in no wise changed in the op- 
erations Therefore, according to the formula developed in § 1 48 , 

A^/A\ = — 266 . ^=21 

the optical center of gfavity of sodium light must be moved 
about o.ii with increasing bnghtness, that is, about one- 
fifth of the distance between the two D Imes and toward the 

1 Schbnrock "Die Thatigkeit der Pliysikalisch-teclinisclieii Reichsanstalt,” Ztschr. 
fur lustrum 17 (1897) 
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red end of the spectrum, This displacement is in the same 
direction as shown by Ebert, but in consequence of the much 
greater variation in brightness is more than twice as large as 
he found Without doubt by working with the du Bois soda 
pencils described in §146 still greater displacements of the 
optical center could be demonstrated. At the same time 
Schbnrock found in complete agreement with the results of 
Eippich and Ebert, by aid of a Nicol prism placed in front of 
the illumination lens of the instrument, that with constant 
emission from the source of light the wave-length of the optical 
center of gravity does not change with the intensity of the 
light. The displacement of the center for sodium light is 
doubtless due not only to the unsymmetrical widening of the 
line Dj, but also to a change in the relation of the lines and 
Dj to each other as regards brightness. But this point remains 
to be cleared up by future work. In §148 the optical center 
of gravity .of perfectly purified sodium light is calculated as 
589 25 jJLiJL ; we know now that this value is probably correct 
for a certain mean brightness of the sodium light, but that in 
addition it may vary by o 1 1 by changes in the emission 
from the source of light 

As with sodium light the optical centers for all other lines 
or perfectly purified homogeneous lights change more or less 
strongly with variations in the amount of vapor in the unit 
volume of the sc)urce of light. In his w^ork referred to above 
Ebert made quantitative measurements of the displacement 
for some lines of thallium, lithium, potassium, and strontium 
Without exception he found that the widening of the lines was 
stronger toward the end of less refrangibility than toward the 
other, so that with increasing brightness the optical centers of 
gravity moved toward the red end of the spectrum The dis- 
placements observed by him are given in the following short 
table, for which it must be remembered that the changes of 
brightness were produced by aid of a salt bead and Terquem 
burner only. 
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DlSPI^ACieMKN^ OF ^THE OpXICAE CENTERS OF GRAVITY OF SOME SPEC- 
TRUM Lines, According to Ebert. 


Source of light 

Wave-lengths in 

Displacement 111 ja/x 

LiCl, LigCOg 

670 8 

0 06 

Tia 

535 I 

0 026 

KCl 

768 0 

0 046 

KCl 

404 6 

1 

SrCla 

460 8 

0 019 


In their paper ** Ueber die Spectren der Alkalien/^ Kayser 
and Runge make the following statement The majority of 
the lines of the alkalies are not, however, sharply defined, 
they broaden by increase in the amount of vapor, and either 
toward both sides or, more commonly, toward the red end of 
the spectrum, occasionally however, toward the violet end only. 
Such broadened lines often reach a width of two to three MF 
The general conclusion is therefore warranted that the optical 
center of gravity of a spectrum line is not a constant but is a 
function of the emission from the source of light. Since the 
Arons mercury light, to be described later, has recently been 
made available for polarimetric measurements, it may be m 
order to discuss briefly the spectrum lines of mercury. It is 
well known that the different spectra of one and the same chem- 
ical element show variations depending on whether they are 
flame, spark, or arc light spectra. In the case of mercury 
these differences are very large,® so that the strongest lines m 
j one spectrum may be m part wholly wanting in the other. It 

I would appear probable, therefore, that the lines of mercury 

j must change strongly with changes in the light arc, which in 

f turn changes with the intensity of the producing current ; 

Ebert states that the bright green mercury line, 546 in- 
I creases on one side only, which, in all probability, would have 

j a displacement of its optical center of gravity as a consequence. 

I What conclusion must be drawn now for polarimetry from this 

I variability of the optical center of gravity of purified homo- 

, geneous light? 

1 A displacement was found l)ut not measured 

2 Kayser and Range Wied Ann , 41, 302 (iSgo) 

8 Kayser and Range Ibtd , 43, 385 (i8gi) 
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place in all polarimeiric measurefneniSy whether of 
absolute amounts of rotation^ or of differences of rotationsy the 
emission from the source of light must he kept constant y and this 
may be reached in a satisfactory manner even in investigations 
of length. In the second place it is necessary that along with the 
rotations the optical center of gravity of the light used must be 
determined and defined with corresponding accuratyy as otherwise 
the measurements of different observers are not comparable with 
each other. It is not snffiaent to merely state that one has 
used sodium light after perfect spectral purification, as even 
then its optical center of gravity remains uncertain to about 
o. I This uncertainty corresponds to a difference in rota- 
tion of 25" in an angle amounting to 20°, such an angle may 
often be measured without difficulty to within 8". If then the 
expected accuracy of the method is not to be illusory the wave- 
length of the corresponding optical center of gravity must be 
given to within o 03 From this it is seen that in general 
an angle of rotation may he found with a good polariscope with 
a degree of accuracy ivhich is much greater than the accuracy 
with which the corresponding optical centers of gravity may be 
measured and expressed Whether it will ever be possible to 
carry the determination of the optical centers of homogeneous 
lights so far that they will correspond in accuracy to the 
delicacy of the modern polarimetnc apparatus, remains for the 
future to show.' 

151. Absolute Determination of the Rotation of Sodium Light for 
Quartz — As we have now seen the several variations to which 
the optical center of gravity of sodium light from different 
sources is subject, we shall next attempt a review of the work 
done on the absolute rotation of quartz for sodium light, as 
already explained in §44, taking these disturbing variations 
into consideration. Passing over the oldest and very inaccurate 
measurements we come at once to the work of v. I^ang A 
value is often quoted from work of v I^ang done in 1875* 

1 This will be possible as soon as the rotation dispersion of quartz is sufficiently 
well established. Such an accurate determination of the rotation dispersion of quartz 
may be made, as is sufficiently clear from what has been said, only by aid of the Fraun- 
hofer lines, and after Improvements in methods discussed in the chapter on “Determi- 
nation of Rotation Dispersion “ 

2 V I^ang- Wiener Sitzungsber., II, 71, 707 (1875). 
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which is misleading ; in this work v. Lang investigated the 
dependence of the circular polarization of quartz on the tem- 
perature, but did not determine, as he himself explains, the 
absolute value of the angle of rotation, avssuming the rotating 
power per millimeter as known. But in a second investiga- 
tion he made an absolute determination.^ By the aid of the 
Broch method to be described later, with sunlight, and using 
a double prism of right and left quartz about 33 mm. thick, 
he found at 20° C. a rotation of 21 724° per millimeter for the 
line B. We must take then as the optical center of gravity 
the mean between the two D lines, that is, 589,3 

In 1878 Jouberf made absolute rotation determinations ; but 
as he worked with the Laurent instrument and sodium light, 
the optical center of gravity being quite indefinite, his results 
do not call for consideration 

Following the Broch method with sunlight, Soret and 
Sarasin** determined the rotation of two quartz plates, about 30 
and 60 mm in thickness, for each of the two D lines. For the 
middle of the two lines (589.3 we find as the mean value 
from these figures 21 708° per millimeter, for 20° C. 

Soret and Guye* have made determinations with the same 
plate about 60 mm thick, used by Soret and Sarasin. As they 
worked with a Cornu instrument (§110) and sodium bromide 
light, purified through the spectrum, the wave-length of the 
optical center may be taken as before, as 589 3 /ijw. The value 
of 21 723° per millimeter at 20° C. may be calculated as the 
mean value from their experiments. 

More recently absolute rotation determinations have been 
made by Gumlich.® The optical center may be again taken 
as 589 3 as he worked with the Lippich instrument and 
spectrum sodium light. He found, with four quartz plates of 
approximately 5, 6, 8, and 10 mm. thickness, values which 
varied between 21.717® and 21.731® per millimeter at 20® C. 
The mean value was 21.724®. 

Finally, the author is in a position to give his own results for 

1 T, Wiener Sitzungsber , II, 74, 209 (1876) 

2 joubert Compt. rend , S7, 497 (1878). 

8 Soret and Sarasin Ibtd , 95, 635 (1882) 

* Soret and Guye * Ibid , 115, 1295 (189a). 

‘ 6 Qumlicb Ztscbr fur Instrum , 16, 97 (1896). 
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the absolute rotation of quartz. He (Schbnrock) made hia 
determinations with a perfect quartz plate, about 5 mm. thick, 
by aid of a Lippich instrument and sodium light which was 
ab.Holutely purified through the spectrum, so that the optical 
center may tx; taken as 589.3 hia. From many measurements 
made at different times tlie value 21.722° per millimeter at 20® 
C., and accurate to ± 0.003°, is calculated, corresponding to 
the true optical center of gravity of the sodium light used ; 
but this latter has not yet been found with a satisfactory degree 
of accuracy. 

As, therefore, all these observers have made their determina- 
tions very nearly for the >rfime center, 589.3 pifJ, their measure- 
mentH must be cotui>arable with each other. The results are 
given in the following .short table : 


% I.»n« , 

miti Sanisin . . . j 

ii\u\ tiinf I 

(iumlu'li 

St*ht>nitH’k 


Hntnticm of tiutii tar pei 
inilUiutfter «l c. 

21 724' 

at. 708 
21 72,^ 

21 724 
21.722 


With vxi-cptinn of the value <if Soret and Sara.sin the agree- 
ment in unite .1 u'ln.irkable one. // mav he said with certainty 
that, peifeith pn>e \preilrum sodium fight, i mm. of 

tjuarls, with a lertain mean hriffhtness of the light, will rotate 
the plane of polari ation exactly at a temperature 0/20° 

C, Hut on aeetHUit of the variation in the optical center of 
giavity with the brightness of the .source of light the rotation 
may vary by alsnit to.<xi4° jHir milliineler. There may accord- 
ingly be some reason /or a redetermination of the absolute rotation 
of qmtta only when the corresponding optical center is found with 
an equal degree of actnracy. 

152. Relation of the Anglee of Rotation, a, and exj,, — In addition 
to the illumination of snccharimeters a white light is employed 
in the determination of the angle of rotation, for mean yel- 
low rays by aid of the Robiquet polariscope C§^oo)- 
by the expression itself, ' ' mean yellow rays, ’ ’ the angle of rota- 
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tion, aj, is not accurately defined; the wave-length correspond- 
ing to it may be taken as about 556 ju a*.' The rotation referred 
to this, following Biot’s suggestion, is represented by ocj {jaune 
moyen). 

As the wave-length of mean yellow light is less than that of 
D (589 /lAt) the values for Uj are always much larger than those 
for ccj}. For quartz, as an illustration, we have per millimeter, 
«!} — 21.72° and otj = 24.5°; these formulas for conversion are 
therefore used : 

24 .,*? - 21 72 

= 1.128^2), and ajy = — «/ = 0.887 o',. 

21 72 24.5 

But on account of tmequal rotation dispersion for different sub- 
stances the relation ofa^ to oij is a variable one. The deviations 
from the above values may amount to 10 per cent, or more. 

As the rotation oLj does not correspond to any accurately 
definable ray, the determination of oij is not satisfactory and at 
the present time is scarcely made It must be pointed out 
here that when a rotation is measured in a half-shadow appa- 
ratus with white light the angle obtained is not accurately otj ; 
see §153. 

There are in the literature a large number of observations 
made by Biot^ with red light obtained by aid of glass colored 
with cuprous oxide, and corresponding approximately in ref ran- 
gibility to the Fraunhofer line C (656 }X}x ) From the state- 
ment that this light is rotated i8 41*^ by i mm, of quartz its 
wave-length is calculated as about 637 For quartz, there- 
fore, the rotation of this red light is related to that for D as i 
to 1. 18 

153. Optical Center of Gravity of White Light, — The chemist is 
sometimes in the position where, instead of using yellow light, 
he is obliged to employ white light We shall therefore con- 
sider the optical center of gravity of white light more closely, 
under the assumption that the rotations are measured with a Lip- 
pick half shadow instrument. An optical center of white light 
can not be directly defined, as it is subject to considerable va- 
riations according to the source of light employed. Sunlight, 
gas light, petroleum light, Welsbach light, electric light, zir- 

1 nandolt Sitzuagsber der. Akad, Berlin, 1896, p 790 

2 Biot , M£m, de P Acad , 3, 177 (1820) 
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cona light, lime light, and so on, have all a different distribution 
of brightness in the spectrum and, therefore, according to 
§147, different optical centers of gravity. With white light 
illumination^ however^ only very small angles^ at most^°, may 
he measured, because with larger rotations, the field of view shows 
considerable color variations. And, above all, the investigated 
substances must be colorless and as clear as water. If the active 
substance is colored, it will have an absorption spectrum, and 
will, therefore, alter more or less strongly the composition of 
the white light ; the white light will, at the same time, be 
filtered by the colored body, and in this way the relative 
brightness of different parts of the spectrum of the original 
light will be totally altered. For one and the same source of 
white light the optical center vanes, therefore, from substance 
to substance, if they are colored.^ That these changes in the 
optical center are very considerable is shown by the obser- 
vations of Holzer,^ the results of which could be predicted from 
what has been said In the investigation of colored sub- 
stances, therefore, even when the color is slight, the use of 
white light must be given up and an intense sodium light pro- 
vided. 

The following experiments ere made to find the optical 
center of one white light, the Welsbach light, with some 
degree of accuracy. The small angles of rotation were secured 
by combination of positive and negative quartz- plates , a posi- 
tive plate about i 49 mm. thick and a negative plate about 
1.46 mm. thick, gave together a rotation of about + o 6°, while 
the same negative plate with a positive plate about 1.6 mm 
thick gave a positive rotation of about 2 f . These two angles 
of rotation were measured in the Tandolt apparatus (§117) 
with the following three sources of illumination • First, with 
sodium light made by the Landolt sodium lamp and purified 
by the I^ippich sodium light filter, then with the Welsbach 
light filtered through a layer of 6 per cent, potassium dichro- 
niate solution 1.5 cm. thick, and finally with pure Welsbach 
light. In using the last sources of light, the field of view 
was colored, especially in measuring the larger angle of rotation ; 

1 The I^andolt ray filters depen<l on this. 

a Hdlaer • Ber d chem Ges , 15, 1932 (i88a), 

27 
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BOtwithstanding this, the adjustment was always made to 
secure uniform shade as nearly as possible, the error of adjust- 
ment being in the mean about ±15 minutes of arc, with a 
half-shadow of 3® Any effects of temperature changes may 
be eliminated in such long experiments by regularly changing 
the sources of light and employing them, for example, in this 
order, I, II, III, I, III, II, I, so that the mean values for each 
source of light correspond to one and the same mean tempera- 
ture. The results obtained are given in the following table 


By quartz-plates 

Sodium light 
purified by the 
Lippich filter 

Welsbach light 
through layer of 

6 per cent solu- 
tion of K2Cr207 
15 cm thick 

Simple Wels- 
bach light 

Angle of rotation i 

o 6 o‘’ 

061“ 

068° 

Angle of rotation 2 

295° 

2 94“ 

3 39° 

Optical center in /a/a ... 

1 5893 

589 

551 


To within about ± o 01°, the same angles are found with 
the pure sodium light and the filtered Welsbach light, so that 
the optical center of the latter may be taken also at 589 /x./x. 
On the other hand, the results found with the simple Wels- 
bach light, are much larger than the corresponding If 
we recall now that the rotation of quartz for pure sodium light 
is 21.72®, we may calculate by aid of the known dispersion 
formulas for quartz that the optical center of gravity of the 
Welsbach light is about 551 We have then the conver- 
sion formulas 

(x^= 1,1490:^ and aj^ = o.Syoo'^^. 

But as the relation of tXjy to ot^ vanes in different substances 
because of unequal rotation dispersions, it must always be re- 
membered that for other bodies than quartz, the values of 
calculated by the above factor from observations of may be 
in error to the extent of 10 per cent or more. It is, therefore, 
recommended not to use the simple Welsbach light at all, but 
when necessary, to employ this light purified by the potassium 
dichromate solution as above defined, since in this case a re- 
duction is not required. 

If one is obliged to measure angles of more than 3® with 

' Witliout doubt, other results would be obtained by a color-blind eye 
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white light, this should sot be done under any circumstances 
with a half-shadow instrument with circular graduation, but 
the rotation may be found with a kalf^shadow saccHarimeier, 
with which, using the double wedge-compensation, angles of 
± 34® may be measured. The conditions here are very much 
more favorable, liecause the rotation dispersion is very largely 
compensated by the action of the compensating quartz-plate in 
the wedge, so that its influence on the measured angle of rota- 
tion is MUttll : colored substances also, may therefore be in- 
vestigated in saccbarimetcrs. If then the rotation in Ventzke 
degrees tie multiplied by the factor 0.347, given in §127, it 
may Iw at least said that tlie prodtict obtained gives the angle 
of rotation in circular degrees for sodium light with an error 
of 2 tt> 3 iK*r cent, at most.' But there is no object in trying 
to find n more accurate reduction factor for each individual 
substance, because, on account of rotation dispersion, temper- 
ature effects, and variations in rotation with the kind of illu- 
mination ,md color sense of the observer, it is nevei possible to 
make accurate tU'leiminations, iiee from appreciable systematic 
errots, in .1 s.u‘v Imrimclct Wlicncvei possible, tliejeforc, avoid 
the nse of .1 sacch.n nnelct .ind secuie foi illuniijiation of a 
IHil.insci>{te the most intcnsv sodium light available, the pro- 
<luetion «tf which m.u he, moreovei, acemnphshed without 
grc.it dilhiuUv. 

(1. Determination of Rotation Dispeision 

154. Method of Broch. 'I'o find the rotation ili.spersion of a 
stihst.uicc. It IS iicccss.u\ t«i dctciiinnc the angles of lolalion 
fot light ot ihlTcieiit wave lengths This may he done by aid 
of one of the jHil.iri/.ition instruments dcserihed, using differ- 
ent kinds of homogeneous light, which method will he later 
explained. But fn.sl, several other inethods mn.sl he cou- 
hitlervd. A pnx-etlure which jicrinils the determination for a 
whole si-rie.s of rays of known wave-lengths was given by 
Broch,’ and .simultaneously by Fizcau and h'oucault." In this 
process, iliuminnUou is furnished by sunlight which, by aid ol 

* ¥bi>i fullowi from III* tlnM of (.aiidtiU . tUtxungiilier. d«r Akml , Derllu, p. 959 

< armrlt ttoWaaeparl A Phjw.,?, tlj (lIMA). 

« Kimmu and VoueauU , Campt. nmd, ai, iiss (>8«). 
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a heliostat, is thrown horizontally into a darkened room. The 
rays pass in the following order : the vertical slit A (Fig. 70), 
the polarizer B, the analyzer C, the prism D placed in position 
of minimum deviation, and the telescope E F which must be 




provided with cross hairs. In order to adjust the apparatus, 
the principal section of the movable analyzei C is placed paral- 
lel to the principal section of the polarizer B, the sht A is illu- 
minated with sodium light and the ocular F of the telescope is 
focused sharply on the image of the sht A formed by the 
achromatic objective E. On removing the sodium light and 
admitting sunlight, a pure spectrum with the Fraunhofer lines 
IS seen with the ocular F In order to bring any desired part 
of the spectrum into the center of the field of view, the tele- 
scope must be movable horizontally around a fixed axis pass- 
ing through the center of the prism First, the analyzer C is 
placed in the position of greatest darkness, without an active 
substance following , this is the zero point. Then when the 
active body is placed between C and B, the spectrum with 
the Fraunhofer lines appears again in the telescope If now 
the analyzer C is turned, a position is found at which a ver- 
tical dark band appears in the field of view and, with further 
rotation of C, moves across it , an essential condition for this, 
however, is that the rotation dispersion of the substance must 
be rather large as compared with the dispersion of the prism. 
The phenomenon of the dark bands depends on the fact, that 
in the rotation of the analyzer those rays are extinguished, 
one after the other, whose planes of polarization coincide with 
the principal section of the analyzer. If the cross hairs of the 
telescope are focused on one of the Fraunhofer lines at the 
start, and then, by movement of the analyzer, the dark band 
IS brought to center with the cross hairs, the rotation read o£E 
on the circle shows the amount of rotation for the line in 
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question. In this manner the rotation for each one of the 
Fraunhofer lines may be found. In place of cross hairs, it is 
preferable to employ parallel fibers. The dark band is 
narrower and sharper, the larger the angle of rotation, and 
consequently, the rotation dispersion. The Fraunhofer lines 
and the corresponding wave-lengths are given in the table 
below 


Fiaunliofer lines 

Wave-lengths 
in iJifi, 

Fraunhofer lines 

Wave-lengths 

in 

A 

759 4 

b \ 

517.5 

a 

7186 


486.1 

B 

686,7 

G 

4308 

C 

6563 

h 

410 2 ' 

D 

5893 

H 

396-9 

E 

5270 




Soret and Sarasin' in their determination of the rotation dis- 
persion of quartz have avoided the rather inaccurate zero-point 
adjustment in this manner that they placed a negative quartz- 
plate, for example, in position first and brought the dark band 
into coincidence with a line of the spectrum , then, after re- 
moving this plate, a positive one was substituted and by move- 
ment of the analyzer the dark band was again brought into 
coincidence with the same line of the spectrum. From the 
rotation of the analyzer there is found, therefore, for the line 
in question, an angle which corresponds to that of a positive 
or negative quartz-plate, the thickness of which is equal to the 
combinedN thicknesses of the positive and negative plates used. 

Through several improvements, Lippich' has made the Broch 
method a tolerably accurate one, but for the details, his 
original paper must be consulted 

Finally, by use of a quartz double plate of variable thick- 
ness, G. Wiedemann'^ has essentially improved the Broch 
method. The double plate consists of two quartz wedges 
whose principal surfaces are grouhd vertically to the optical 
axis, and each one of which consists of an upper right-rotating 

1 Soiet and Sarasin : Coinpt rend , 95, 635 (1882) Their method has been given 
above bv the author in more practical form 

a lyippich : Wiener Sitzungsber II, 85, 307 (1882) 

8 G. Wiedemann . I^ehre von der Blektncitat, 3, 914 (1883) 
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and a lower left-rotating half* By aid of a micrometer screw 
one of these wedges may be moved in front of the other. The 
vertical slit A (Fig 70) is brought between B and C, and at 
a slight distance from B, and then between A and B, and 
immediately behind the slit, the double plate is so placed that 
its junction edges he horizontally. The double plate must 
stand vertically to the direction of the light rays, so that they 
will pass through in the direction of the axis Using sunlight, 
the spectrum with the Fraunhofer lines is found as before in 
the telescope, these lines being broken into upper and lower 
halves by the horizontal juncture surface of the double plate. 
As the plane of polarization of each color is turned to the right 
by the upper plate, and through the same angle to the left by 
the lower plate, it follows that for any position of the analyzer 
the spectrum does not show the same colors above and below, 
but at any given time those are extinguished for which, above 
and below, the angles of rotation differ by some multiple of 
180®. If then, the same color is to be extingui.shed above 
and below, the rotation for this color must be a multiple of 
90° ; in this case, the polarizer and analyzer must stand in 
crossed or parallel position. Just which color is extinguished 
depends on the thickness of the quartz double plate ; if this 
thickness may be varied within suf&ciently wide limits, it will 
be possible to follow the bands shut out from one end of the 
spectrum to the other and to bring them to coincide with any 
Fraunhofer lines desired. The determination of an angle of 
rotation for a Fraunhofer line is then made as follows * The 
line in question is brought between the parallel threads, the 
analyzer is then turned until at some point of the spectrum 
the two dark bands stand with one exactly above the other, 
and the movable wedge is then shoved until the dark band 
lies between the parallel threads ; this gives the zero-point 
position of the analyzer. If the active substance is now placed 
between the analyzer and the slit, the bands no longer stand 
one above the other, but to secure this the analyzer must be 
turned through the same angle by which the line chosen is 
rotated by the active body. It is assumed that the tempera- 
ture of the double plate does not appreciably change during 
the measurements. The spectropolarimeter constructed much 
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later by v* Fleischl^ is nothing but a bad copy of the Wiede- 
mann apparatus, the variable double plate of which is replaced 
by a simple quartz double plate of constant thickness, with 
which the rotation for a single definite color only may be 
measured. 

155. The Method of v. Lang. — The mam drawback in the 
Broch method is that it depends on the not always available 
sunlight. But V. Tang has shown* that the Broch procedure 
may be easily so changed that instead of sunlight with the 
Fraunhofer lines ordinary white light with artificial spectral 
lines may be employed. The arrangement of the apparatus is 
preferably that shown in the illustration (Fig. 71) By aid of 
the lens B , a sharp image of the source of white light A is thrown 
on the slit C. The light passing the slit is led first through 
a simple Mitscherlich polariscope consisting of the illumination 
lens D, the polarizer E, and the analyzer F, which maybe 
rotated, and then through an ordinary spectroscope G to T. The 



focal distance of the illumination lens D is equal to half the 
distance between D and G, and the slit C is so placed that a 
sharp image of it may be formed by D at the objective slit G 
of the spectroscope G is situated in the focus of the achro- 
matic lens H, and the prism J in the position of minimum 
deviation The spectrum produced in the achromatic telescope 
K is seen at the ocular T along with two parallel vertical lines 
or fibers. The telescope K T is movable horizontally The 
adjustment of the spectroscope is accomplished in the usual 
well known manner. The following operations are necessary 
to determine the angle of rotation of a substance for a given 
.spectrum line* i. The zero point is found by turning the 
analyzer F to the position of greatest darkness 2. The white 

1 V, Fleischl .Tlepert d. EJxper.-Phys,, 3^3 (1885) , Wxed. Ann Beibl , 9, 634 
(1885) 

2 v,i;ang Pogg, Ann,, 156, 42a (1875) 
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light is shut off and between B and C, and near the slit the 
apparatus is placed which furnishes the lines of the homo- 
geneous light in question, and the analyzer F is so turned as to 
transmit the largest possible amount of light. A continuous 
spectrum is no longer seen in the telescope, but only the sharp 
and bright spectrum lines. The telescope is then turned 
horizontally until the desired bright line comes between the 
parallel hairs The source of homogeneous light is then re- 
moved, the strong white light A admitted, the active substance 
placed in position and the analyzer F turned until a black band 
appears in the telescope. By further turning the analyzer, 
this band is brought exactly between the parallel hairs, and 
the analyzer graduation is then read off. By again admitting 
the line of the homogeneous light it may be determined 
whether or not the position of the telescope has suffered any 
change. If it is desired to work with the Wiedemann double 
quartz plate of variable thickness, described in the preceding 
paragraph, F must be placed between Gand H, and the double 
plate directly in front of G and turned toward the polarizer E 
In regard to making the determinations of rotation the direc- 
tions of the last paragraph obtain 
In the production of the spectrum lines various sources of 
homogeneous light may be used Salts of metals may be in- 
troduced into the Bunsen flame by a platinum loop, and in 
particular the chlorides or carbonates of sodium, lithium, thal- 
lium, potassium, and strontium. The light of a Geissler hy- 
drogen tube may be employed also If a little mercury or 
some bits of cadmium are introduced into a Geissler tube, the 
light emitted on warming these metals may be used. In the 
following table all these artificial lines are given with their 
wave-lengths, and as seen, they are sufiicient for the deter- 
mination of the rotation dispersion of a substance. 
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Color of the lines 

' 

Source of light 

Wave-lengths in (if*. 


Ka 

768.0 

Red 

Li a 

670.8 


Ha 

6563 


Cd 

643-8 


Na 

5893 

Yellow 

Hg 

579-0 


Hg 

5769 


Hg 

546.1 

Green 

T1 

Cd 4 

535 I 

508.6 


H/S 

486.1 


Cd s 

480 0 

Blue 

Cd 6 

467.8 

Sr 8 

460 8 


Hg 

435.9 


H 7 

4340 

Violet 

Hg 

K 

4078 

404 6 


156. Lippich’s Method.— Tlie methods of Brocli and v Lang 
give more accurate results the larger the rotation dispersion 
But if this is small the dark band is broad and not sharp on 
the edges so that the adjustment is very inaccurate In this 
case it is better to employ the method of Lippich^ in the meas- 
urement of rotation dispersion In this method the light passes 
into the spectroscope first and then into the polarization ap- 
paratus, which should be, preferably, the sensitive Lippich 
half-shadow instrument with double or triple field. The ar- 
rangement of the parts is shown in Fig. 72. By aid of the 
lens B a sharp image of the bright white light A is thrown on 
the vertical slit C of the spectrometer. C is situated at the 
focus of the achromatic lens D. The prism E is placed in the 
position of minimum deviation, and the light rays passing 
through it are thrown as a bright spectrum on the slit screen 
G, by means of the achromatic lens F, and in such a manner 

1 lyippicli: Wiener Sitzungsber , II, 91, 1070 (1885), 



426 Dil^T^RMINATlON OF ROTATION DISPERSION 


that only one color of the spectrum may pass through the slit 
and serve for the illumination of the polarization apparatus. 
The slit G, therefore, represents the source of homogeneous 
light, and must be given such a position that a sharp image of 
the slit may be formed by the illumination lens J, of the polari- 



J 

Pig 72 

zation instrument, on the analyzer diaphragm. In order to 
center the rays more completely it is recommended to add the 
lens H, immediately in front of G, which throws an image of 
D on the illumination lens J ; but A and B must be then so 
centered that D appears uniformly illuminated. By turning 
the slit tube C D any desired part of the spectrum may be 
thrown into the polarization apparatus, but A and B must be 
attached in fixed position with reference to this tube ; on ac- 
count of its small dimensions and slight weight the I/innemann 
zircona light burner (§142) is recommended for this work 
If one employs sunlight a small movable mirror is attached in 
place of A, by aid of which, with the different positions of the 
slit tube, the heliostat light may be thrown directly into the 
tube According to Tippich the direct vision spectrometer of 
Hilger, in Tondon, with the Christie half-prism^ is also very 
satisfactory, as with this the simple turning of the prism is 
sufficient to bring any desired part of the spectrum to the slit 
G. The whole spectroscope, C to G, must first be graduated 
according to wave-lengths, in order to be able to give directly, 
for any position of CD, the mean wave-length of the light 
passing the slit G. For this purpose the slit C is illuminated 

I Proc Roy Soc , a6, 8 (1878) , Pogg Ann Beibl , 1, 556 (1877), 
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with the several homogeneous lights described in the last para- 
graph, one after the other, and the tube C D is turned so that 
the image of the illuminated slit C coincides exactly with G, 
which may be easily verified by aid of a reading glass The 
different positions of the tube C D are read off on the gradu- 
ated circle, and are tabulated along with the corresponding 
wave-lengths of the homogeneous light. In this way a large 
number of definite positions of the tube C D are determined 
for which accurately characterized homogeneous colors pass 
through the slit G, and the angles of rotation of these may 
then be measured with the polarimeter in the usual manner. 
In the graduation of the spectrum apparatus the Fraunhofer 
lines of sunlight may of course be used The greater the dis- 
persion the smaller must be the slits C and G, in order that 
the light emerging from G may have the necessary homogene- 
ity. If, finally, the rotation dispersion is very large, the I^ip- 
pich method is then no longer applicable, since, in this case, a 
slit so narrow would be required that the necessary brightness 
of the field could not be secured ; it is then better to apply the 
procedure of Broch or v ihang 

Agreeing in principle with the I^ippich method is that of 
Seyffart,' patented in 1886, for the determination of rotation 
dispersion But as the latter is very complicated as regards 
the optical as well as the mechanical construction, without, at 
the same time, reaching the accuracy of the hippich method, 
it need not be discussed here at length. The spectrosaccharim- 
eter introduced recently by Glan*^ resembles also the Lippich 
apparatus in principle, but is much inferior to it as regards 
convenience or accuracy in manipulation 

1J7. Lommel’s Method. — Lommel’' has so modified the Broch 
method by addition of a quartz wedge that the final reading is 
made, as in the case of the Wild polaristrobometer (§103), on 
the disappearance of interference bands Sunlight is polarized 
by the prism A (Fig. 73), whose principal section makes an 
angle of 45® with the horizontal plane, and then reaches the 
vertical slit D. Just in front of this slit is a quartz wedge C, 

1 SeyfFart Wied Ann,, 41, Z13 (1890). 

2 Gian* Ibtd,^ 43, 44X (1891) 

3 l^ommel * Ibid.y $6, 731 (1889) 
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with au angle of 7° or 8°, whose edge, parallel to the optical 
axis, is vertical with reference to the slit, and immediately fol- 
lowing the latter is the analyzer E, the principal section of 
which either crosses or stands parallel with the principal 
section of the polarizer and, therefore, makes an angle of 45° 
with the horizontal plane. The refractive action of the wedge 
is corrected by that of a glass wedge, B, placed in reversed 
position The light leaving the analyzer is decomposed by 
the prism F, which is placed in the position of minimum 



Fig 73 


deviation, and is then collected by the achromatic lens G to 
form a spectrum that may be observed by the ocular H. As 
readily , understood, this spectrum is filled with numerous 
dark, somewhat curved, interference bands which stand inclined 
with reference to the Fraunhofer lines, and it is also shaded 
by fine dark slanting lines. If the polarizer A is turned 
through 45°, the shading disappears through the whole spec- 
trum (the zero-point). If now an active body is placed be- 
tween A and B the bands appear again If, next, the polar- 
izer be rotated, a position is found at which a vertical bnght 
band, free from shade, enters the field of view and with 
further turning travels through the spectrum. By bringing 
this bright band to coincide with the various Fraunhofer lines, 
one after the other, so that each line bisects the band exactly, 
and the corresponding angle is then read off on the graduated 
circle of the polarizer, the angle of rotation of the particular 
Fraunhofer line is obtained The Eommel method may, of 
course, be so arranged that, as in v. Tang’s method, artificial 
sources of light may be used. 

Reference only can be made here to Tommel’s interesting 
determination of the rotation dispersion of quartz by aid of 
the interference phenomena on a quartz prism.^ 

1 Wied Ann , 36, 733 (1889). 
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158. Landolt’s Method with Use of Ray Filters, — ^ While the 
methods thus far described for the measurement of rotation 
dispersion, necessitate the use of apparatus which is compli- 
cated for the chemist if not for the physicist, since the com- 
bination of a spectrometer with a polarimeter is always called 
for, that of Landolt^ with ray filters requires the use of a 
polarimeter only. It may always be recommended, therefore, 
because of its convenience where the greatest accuracy is not 
required, and where the angles of rotation remain below 100*^. 
In the I^andolt method, ordinary white light is used, and by 
aid of proper absorbing media all colors are removed, within 
rather narrow limits, except the one desired, which depends, 
of course, on the nature of the absorbing substance employed 
If now, rotation measurements are made with these rather 
homogeneous colors, the rotations found must correspond, 
according to §147, with some definite optical center of gravity, 
which depends simply and alone on the relative distribution of 
brightness in the spectrum of the color in question, assuming 
that the rotations are measured by a I^ippich instrument, and 
that the active substance absorbs all wave-lengths of this color 
uniformly Therefore^ since the optical center of gravity is 
determined hy the source of white lights and the absorbing media ^ 
and changes with both^ the directions given by LandoU for pre- 
paring the ray filters must he followed with the greatest exactness 
if the measurements of different obsei'vers are expected to be com- 
parable with each other If modifications are adopted, the new 
optical center must certainly be defined and measured The 
Welsbach lamp serves as a source of white light for these ray 
filters, and as absorbing media solutions of only such sub- 
stances are employed as are found in commerce in sufiiciently 
pure condition. The solutions are filled into cylindrical glass 
cells of about 4 cm. diameter which consist of rings with plane 
glass plates cemented to them. One style of cell contains two 
compartments, each having an internal thickness of 20 mm., 
while another'style has three divisions of 20, 15, and 15 mm 
thickness Each compartment is supplied with an opening, 
which may be closed with a glass stopper, and which permits 

I I^andolt Sitzungsber d Akad., Berlin, 1894) P 923 , Ber d chem, Ges., 37, 
2872 (1894). 
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the filling with the solutions. The cells may be shoved ii 
a metallic framework having square plates on the corners 
prevent rolling These ray filters^ are always to be placed 1 
tween the source of light and the illumination lens of the api 
ratus, and the zero point must always be found after they £ 
placed in position. It should be determined anew for ea 
ray filter, even when the half -shadow of the instrument I 
not been changed (see §io6). The five filters permit n 
yellow, green, light blue and dark blue to pass. 

J^ed — In the production of this color, the hydrochloride 
hexamethylpararosaniline is used, which conies into comniei 
under the name of crystal violet 5 B 0 , and the anhydrous ca 
tharides green crystals must be selected If 0.05 gram of tl 
be dissolved first in a little alcohol and then diluted with wal 
to one liter, this solution filled into a cell 20 mm. deep givej 
spectrum which consists of a red band and a broad blue vio 
part. The latter may be completely absorbed by adding a la> 
of yellow potassium chromate solution 20 mm. thick, and co 
taimng 10 grams in 100 cc The red band now remaini 
begins with the wave-length about 718 and ends sharj 
at 639 MM The half-shadow of the instrument may be 
small as about 3°. 

Yellow — A solution of 30 grams of crystallized nickel si 
phate in 100 cc., in a layer of 20 mm thickness, absorbs on 
the red rays and permits all others to pass If a cell 15 mi 
deep IS added, containing potassium monochroniate solute 
with 10 grams in 100 cc., the blue and violet are taken 01 
leaving only orange-yellow and green The last of these cok 
may be absorbed by means of a potassium permanganate sol 
tion containing 0.025 gram in 100 cc., and used in a 15 ini 
layer. The spectrum is now reduced to a narrow orang 
yellow band which still shows a little red light and embrac 
the wave-lengths from 614 }x}x to 574 As the tlir 
absorption solutions weaken the light materially, it is nece 
sary to employ a half-shadow of 8° to 10®. 

Green , — For this, a combination of potassium monochroma 
with cupric chloride is used. A solution of 60 grams 
CuClg + 2 HjO to ioo cc in a 20 mm. layer allows, practicall 

^ Obtainable from Schmidt and Haensch, Berhn 
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only green and blue rays to pass. The last may be absorbed 
by "a 20 mm. layer of a potassium monochromate solution con- 
taining lo grams in loo cc., and there remains then a broad 
green band on the edge of which there is still a little blue. 
This band embraces the wave-lengths from 540/^;^ to 
The half-shadow must amount to 3° or more. 

Ltgkt Blue — In the production of this color there is used 
the compound known in commerce as double green S F, which 
IS a combination of chlormethylhexamethylpararosaniline hy- 
drochloride with zinc chloride, and which appears as a glit- 
tering bronze-colored powder. An aqueous solution of o 02 
gram of the color to 100 cc gives in a 20 mm. layer a spec- 
trum consisting of a narrow red band with a broad green 
and a light blue part , the dark blue is absorbed With a blue 
vitriol solution containing 15 grams in 100 cc. in a 20 mm 
layer, the red band may be absorbed, but it is not possible to 
so remove the green light that light blue of sufficient intensity 
alone remains The light left is, therefore, a combination of 
green rays of wave-lengths 526/^/^ to about 494^/^, and of 
light blue rays from 494/^/^ to 458 a«jw. As a result, no uniform 
color IS found in the field of view of the polarization instru- 
ment, but the change of shade or turning the analyzer to and 
fro may still be followed. The half-shadow may be reduced 
to about 3"^ 

Dark Blue — This color is obtained by a combination of 
solutions of crystal violet 5 B 0 , with o 005 gram in 100 cc. 
and blue vitriol with 15 grams in 100 cc., both used in cells 20 
mm, deep. The last solution absorbs the red rays whichrthe 
aniline color passes and there remains only dark blue light of 
wave-lengths 478 to 4io/iA<. Because of the low intensity of 
the light, a half -shadow of about 8® must be taken. 

The absorption solutions, with the exception of the per- 
manganate, are permanent, but it is advisable to keep the 
supply of the aniline colors in the dark, and to renew the fill- 
ing in the cells holding them from time to time. But the per- 
manganate solution must be freshly prepared, since it easily 
suffers decomposition. 

As the rotation dispersion of quartz is, pretty accurately 
known, the optical centers of gravity of the five colors from 
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the ray filters may be found by the aid of quartz plates, 
according to § 148. lyandolt has done this and has found that 
the five optical centers are near the Fraunhofer lines, C, D, E, 
F, and G. The following table shows the exact values • 


Color filter. 

Optical center of 
gravity in jx/t 

Rrannhofer’s lines 

Wave-lengths in /x/w, 

Red = rd 

665.9 

C 

656.3 

Yellow ^yl 

591-9 

D 

589.3 

Green ^gr 

533 0 

E 

5270 

I/ight blue ^ Ih 

488.5 

F 

486 1 

Dark blue = dh 

448 2 

G 

430.8 


These relations then obtain for the rotations a with quartz 
1.032 rtc 


1.010 oiyi = 

1.026 Ot ^ 

1 . 01 1 = Up 

I 091 = or^ 


By aid of these equations it is, therefore, possible to reduce 
rotations found by the ray filter method to those which obtain 
for the corresponding Fraunhofer lines, and this may always 
be done if the active substance has abouj the same rotation 
dispersion as quartz. 

The following table contains the data showing the prepara- 
tion of the filter solutions, along with their optical centers of 
gravity and the corresponding rotations for i mm. of quartz at 
20° C. 


Color 

Thickness 
of layer 
in mm 

Aqueous solutions of 

Grams of 
substance 
in 300 cc 
of sol 

Optical 

center 

in/ift 

XotatLon 
for I mm 
of quartz 

, 

Red 

20 

20 

Crystal violet 5 B O 

Potassium monochromate 

0,005 

10 

665 9 

16 78® 

Yellow 

20 

15 

15 

Nickel sulphate, N1SO4 + 7 aq 
Potassium monochromate 
Potassium permanganate 

30 

10 

0025 

591*9 

21.49“ 

Green 

20 

20 

Copper chloride, CuClg + 2 aq 
Potassium monochromate 

60 

10 

5330 

26.85° 

Light blue 

20 

20 


0.02 

15 

4885 

32.39“ 

Dark blue 

20 

20 

Crystal violet 5 B O 

Copper sulphate, CUSO4 4 - 5 aq 

0005 

15 

448.2 

39 05° 
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159. TheArons-Lummer Mercury Lamp. — The simplest method of 
determining rotation dispersion would be by aid of the I/ippich 
half -shadow apparatus, if one had the means of producing a 
sufficiently large number of homogeneous lights of different 
wave-lengths. In §155 we have referred to a number of 
sources of homogeneous light besides sodium light, but they 
all have this disadvantage that their luminosity is too slight to 
make accurate observations possible. But, as a matter of fact, 
.since there is need of homogeneous lights of great intensity for 
polarimetric work it niay^be safely assumed that before long 
this want will certainly be supplied This end might be 
reached, for example, just as du Bois produced an intense so- 
dium light (§146), by forming similar pencils of salts of other 
metals as lithium, thallium, potassium, strontium, etc It 
would be a great advance to 
secure a sufficiently bright 
cadmium light, .since accord- 
ing to Michelson^ the fourf 
lines found 111 the red, green, 
and blue portions of the .spec- 
trum (643 8, 508 6, 480.0, 

467 8 have an extremely 
constant optical center of 
gravity. At the present time 
we have, in addition to the 
sodium light, only one other 


rji 

h. il' 

(T^ 


8 

n 
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.source of homogeneous light of great intensity, and this is the 
Arons mercury light 

The mercury lamp constructed by Arons^ and improved later 
by lyunimer,* is shown in Fig. 74 ^ The cylindrical tube B, 
with plane ends s, is connected near the middle with the two 
.short vertical tubes A and C, which are closed below and 
furnished with platinum wires m and n, fused into the glass , 
a .small tube is fused to B at r. The tubes ABC are cleaned 
and dried, A and C are filled with mercury, r is drawn out, 


1 Traveanx et in^iiiolre.s Ou l)ureati international des poids et mesures, Tome, XI, 
Pans (1895) Michelson, Jour de Phys , [3], 3, 5 (1894) 

8 Arons. Wied. Ann , 47, 767 (189a), 

* lyummer Ztschr fhr In.struni , 15, 294 (1895). 

4 From Muencke, Berlin. 
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and then, after exhaustion of B by a mercury pump, is sealed 
by melting. If a current from about thirty storage cells is led 
through m and n into A and B, and temporary contact is made 
by shaking the mercury, the arc light of this metal is produced 
which continues to play quietly after the apparatus is brought 
to rest with B in horizontal position The whole section of B 
is filled with a very intense grayish white light, which, diffused 
from the matted walls of the tube, shines freely through the 
end surfaces s, and is the brighter the stronger the current 
employed. If currents up to lo amperes are used the glass at 
the contacts m and n must be protected from overheating. 
This IS provided for by the little vessels D and S melted on to 
the lower ends of A and C, and which are likewise filled with 
mercury, so that the platinum wires m and n dip into this 
metal on each side. The current is led to the mercury by wires 
extending through the little tubes fused to the sides of D and 
E. As the tube B becomes very warm at the point where the 
arc is formed, if the current is at all strong, and may be broken 
through this heating effect, it must be furnished with a water- 
jacket to control the temperature and prevent cracking, which 
may be done, as shown in the figure, by leading water in at p 
and out at q. • The two ends of the tube B project beyond the 
water-jacket, in order that the mercury, which vaporizes in 
large quantity, may not collect on the surfaces s, but on the 
side walls of B ; a constant variation in the intensity of the 
light IS thus avoided A current of from 2 to 20 amperes may 
be sent through the lamp protected in this way by flowing 
water without running a risk of breaking it 

In spite of the appearance of continuity in the light arc the 
discharge is a discontinuous one This accounts' for the fact 
that notwithstanding the low tension of about 17 volts at the 
mercury electrodes an electromotive force of at least three 
times this is required to produce the arc The arc exhibits a 
line spectrum of extraordinary strength But only a few lines 
are important for polarimetry. The line 546,1 /ijw, in the yel- 
lowish green is remarkably strong. If it is desired to illumi- 
nate the polarization apparatus with this light, it must of course 
be separated from light of all other wave-lengths produced at 
the same time, which may be best accomplished by the method 
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of spectrum purification explained in §149. Two rather bright 
lines are found in the yello^^v with wave-lengths 579 o and 
576 g as these lie so close together a very great dispersion 
must be employed if they are to be actually separated and used 
in polarimetric measurements. But there is really no need of 
this, as in the immediate neighborhood of these lines the much 
stronger sodium lines are found. Finally the blue line, 435.9 
of the mercury arc light may be used ; but as this is rather 
-dark a large half-shadow angle must be taken so that the 
measurements made are not very accurate. From the above 
it is seen that the line in the yellowish green, 546. i is the 

only one applicable in polarinietry 

As regards the constancy of the optical centers of gravity of 
the brighter spectrum lines formed by the mercury lamp one 
must stand in a skeptical attitude until fuller data are pub- 
lished concerning them. The spectrum of this light is made 
up of a remarkably large number of lines , Arons has deter- 
mined no fewer than 32 lines between 623 and 404 It is, 
therefore, hardly possible in polarimetric measurements to so 
far purify the four brighter lines mentioned above that light 
of adjacent lines may not also enter the apparatus It follows, 
therefore, as we know from S147, that the optical centers cor- 
responding to measured angles of rotation can scarcely be 
stated with satisfactory accuracy Near the brightest line 
found in tht yellowish green, 546 i there are found, for 
example, six other lines in the immediate neighborhood, and 
these have the wave-lengths 548, 545, 543, 537, 536, and 532 
The resulting optical center must vary, therefore, with 
the degree of dispersion employed in the spectral purification 
of the light. Furthermore, this center may change with the 
strength of current sent through the lamp, as it can hardly be 
assumed that the brightness of all the different lines increases 
in the same proportion (see also §150) In addition to this 
It appears, according to the statements of Arons, that with 
longer burning of the lamp the whole spectrum from about 
543 to 503 MM becomes of a dull green color, so that changes of 
the optical center with time are not impossible. 
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B. CONSTRUCTION OF THE POLARIZATION TUBES AND THE 
MEASUREMENT OF THEIR LENGTH. 
i6o. Construction of the Tubes and Method of Closing Them by End 
Plates of Glass. — The tubes used with polarization instruments 
should always be made of glass. If in special investigations 
it IS necessary to employ metal tubes, these should have a 
matted gold finish inside ; but they have this drawback, that 
changes of length with temperature are much greater than 
with glass tubes. The tubes are commonly made 2 dm, in 
length, but shorter ones down to i dm and longer ones up to 

1 meter are in use The inner diameter vanes between 6 and 
12 mm , and the thickness of the walls should be about 2 mm. 
As shown hi §pd, the polarization tubes should have an internal 
diameter about 3 mm. greater than the polarizer and analyzer 
diaphragms of the instrument; if they have not^ the latter should 
unquestionably he decreased. The ends of the tubes are care- 
fully ground ofi plane and care must be taken to have the 
two polished surfaces parallel to each other and vertical to the 
axis of the tube. The angle foi med by the two ground sur- 
faces should be always below 10' For tubes not more than 

2 dm. in length this angle may be measured very conveniently 
and accurately by aid of the Abbe spectrometer.^ If the angle 
is of considerable size, it may be recognized in the following 
manner . The observation tube, filled with water, is closed 
with plane parallel cover glasses, placed in the polariscope and 
brought into focus with the telescope. If the tube is now 
rotated on its axis the field of view changes in shade if this 
angle is large. 

The tubes are closed always with plane parallel glass plates. 
To accomplish this, each end of the tube is supplied with a 
brass setting on which a cap with a diaphragm may be 
screwed and this serves to press the glass plate against the 
end of the tube As the cover glasses should lie on the ends 
of the glass tubes only, the latter should project a trifle 
beyond the brass setting , the wedge-angle of the cover glasses 
should not exceed 5' ; the exact angle may be measured by the 
Abbe spectrometer as before In order to prevent too great a 
pressure on the cover glasses when they are pressed home by 

^ See KLohlmusch Praktische Physik , 1896, p 178 
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the screw cap, a ring of rubber or soft leather is placed between ^ 

the glass and the cap. But^ notwithstanding this^ the cover 
^lass must not be p7'essed too hard^ because double refraction in \ 

the glass may follow through pressure^ and this will destroy the ' 

uniformity of the fields a7id may easily give rise to a zero^point \ 

displacement in the instrument^ amounting to several minutes. 

As furthermore, without application of pressure and on 
account of internal strains in the glass, rotations of a minute 
or more may be caused by the cover plates, it is necessary in 
all accurate work to give very particular attention to the 
character of these plates ; in saccharimetery, the cover glasses 
alone may lead to errors of several tenths of a Ventzke degree. 

Errors may be wholly avoided by noting first the reading with 
the empty tube and cover glasses in place, and then of the 
tube filled through a side opening with the liquid to be investi- 
gated ; by subtracting the first reading with its proper sign 
from the second, the correct result is reached. 

To exclude the possibility of making the cover glasses 
optically active by too strong pressure on the screw cap, obser- 
vation tubes with the Landolt closing device are now very fre- 
quently used. With this the glass plates are not pressed 
against the tube by the motion of the screw cap, but by means 
of a cap held down by a spring 

In the investigation of beet- juices, the Pellet tube^ for con- 
tinuous polarization, shown in section in Fig 75 , is frequently 
used. It is commonly 
made of metal, is closed 
at A with inside screw 
caps, and at each end has 
a side tube entering near 

the glass cover plates A funnel is attached to one of 
these tubes and to the other a piece of rubber tubing with 
properly bent glass tube, so that the solution at any time in 
the polarization tube may be completely forced out by the 
pressure of fresh liquid poured into the funnel. In this way, 
a great many polarizations may be rapidly carried out in the 
same tube, one after the other ; but the actual observation 

1 Pellet Ztschi fiir Rhbenzucker-Iud ,41* 338 (1891). The tubes may be obtained 
from Schmidt and Haensch 
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must not be made until the old contents of tlie tiUws are 
fully expelled by the new, which is the case when the dowdy 
stnations, noticed at first, have completely disai)jK‘ared. 

When the telescope is focused after putting a filled obser- 
vation tube in the instrument, the field of view must Iw 
sharply and uniformly clear throughout its whole extent, the 
outside edge and the dividing lines of the fields us well : only 
when this is the case is it proper to begin the observations. If 
the adjustment does not remain sharp on turning the tube it 
shows either that the solution was not hoinogeuetnis or that 
the tube was not clean. 

If qualitative observations only are to be made, glass troughs, 

^ a.s shown in Kig. 76. may lie 
/recommendeil,' The cover, 
/ funiished with a button, 
may be taken off, while the 
other parts are fastened to- 
gether with easily fusible glass. The,se troughs may be plaeeil 
in the gutter h (Fig 45) of the I,ippich-I,andolt appiirattus. 

161. Water-Jacket Tubes and Watei^Heating Apparatus. - Tube.s 
furnished with instruments do not ordinarily have a wutei - 
jacket , the contained liquid is, therefore, exposed to the pre- 
vailing air temperature. But as the room temperature is vari- 
able to the extent of at least ± 3®, and as the rotating power 
of most substances is largely modified by heat, it is necessary 
in all accurate measurements to control the temperature of the 
liquid during the observations. This may be done by .sur- 
rounding the glass tube with a bra.ss jacket 3 to 5 cm, in diam- 
eter and allowing a current of water to flow through the .space 
between, the water having previously been brought to the de- 
sired temperature in a reservoir. A jacketed tube is .shown in 
Fig. 77 “ The tube proper con.sists of glass and to the middle 
of It IS fused the thermometer tubulnre A, which at the same 
time may be used in filling the obiservation tube. The brass 
jacket for the water circulation has two projecting tubes, B and 
C, which serve for the inflow and outflow of the water. After 
pouring in the solution the tubulure A is closed with a ground 

1 Prom I<eybold, 111 Cologne 

2 From Schmidt and Haensch, Berlin 


- - 


Fig, 76 
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glass stopper D, through the larger central opening in which 
a thermometer E is introduced. This thermometer has a wide 
part near the bottom which is ground to fit the opening air- 
tight The mercury reservoir of the thermometer is, there- 
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fore, immersed in the liquid, and it must project so far into 
the latter that its lower end is just visible in looking through 
the observation tube The glass stopper D has a second open- 
ing at one side, into which a fine glass tube is cemented, and 
to this a bit of rubber tubing, F, may be attached A part of 
the air in A, above the liquid, escapes through this when the 
thermometer is inserted ; more may then be sucked out and F 
closed by a clamp. The thermometer E is graduated in tenths, 
and of course its accuracy must be determined before the ob- 
servations. It IS safest to have the thermometer tested by the 
PhyvSikalisch-Technischeii Reichsaiistalt at Charlottenburg, 
and corrected say from 

A water-heating apparatus, in winch the water to flow 
through the jacket of the observation tube is brought to the 
right temperature, is shown in Fig 78.^ It is made of sheet 
zinc, but has a copper bottom, and to prevent cooling or warm- 
ing by the air is covered above and on the sides with flannel 
The removable cover is furnished with two small openings. 

1 From Rohrbeck, Berlin 
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Fig 78 


Through one of these, A, 
the reservoir may be filled 
with water, while the rod 
of the stirrer works through 
the other. This latter con- 
sists of a perforated disk fill- 
ing the whole section of the 
reservoir, with a piece cut 
out at the right point to 
avoid striking the ends of 
the thermometers C, bent 
at right angles , the rota- 
tion of the stirrer is pre- 
vented by two vertical 
guides placed on the inner 
walls of the reservoir. D 
IS a glass tube to show the 
level of the water, and E 
the exit tube, with a stop- 
cock, which may be con- 
nected with the water-jacket 
of the polarization tube by 
means of rubber. A second 
large opening, not shown in 
the figure, and likewise fur- 
nished with a stop-cock, 
serves, when necessary, for 
the rapid discharge of the 
water The reservoir which 
IS supported on an iron stand 


may be warmed by means of a Bunsen burner or by a warm 


coil. Before beginning an observation, water is allowed to flow 


about fifteen minutes through the wp.ter-jacket and continued 
during the readings. The temperature t, which is the mean 
of all the readings of the thermometer in the polarization tube 
during an observation, is then that temperature to which all 
other factors must be reduced, as will be seen by the following 
paragraph. 
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162. Calculation of the Specific Rotation, with Consideration of the 
Effect of Temperature. — If ol is the angle of rotation of the solu- 
tion of an active substance, I the length of the observation 
tube, p the percentage strength, and d the specific gravity, 

then, according to §2, the specific rotation is [pt] = 

We shall write this equation in the shorter form [nr] = 
/(nr, /, flT), that is, [nr] is a function of nr, /, p^ and d. With 
the exception of p, the quantities /, and d are variable with 
the temperature f, so that [nr] also must vary with If we 
express this dependence on the temperature by the index i, 
then [n']^ = /(n'^, 4 , p^ df). If we give t the definite value 4 
then the specific rotation for the temperature 4 is expressed 
properly only by the equation, [nr]^^ z=: /{or h^.p, dt^ ; the 
quantities ot^ /, and d must all be determined for the tempera- 
ture, It must, therefore, be considered as absolutely im- 
proper, as IS unfortunately often the case to find <x and /, for 
example, for 20°, and for 17 5®, and to calculate an [nr] with 
these values, because the [nr] so found corresponds naturally’’ 
to no definite temperature Now, the coefficients of expansion 
corresponding to I and d are easily determined (in fact are 
mostly already known), so that I and d may be readily found 
for any temperature. Therefore^ the te^nperature at which ol is 
measured^ is the one ivhtch must be taken as the basis for the 
ivhole calculation of [nr] . If now the rotation is found at the 
temperature (^^)> 4^ and d^^ must be calculated 

to correspond, and finally •=/(«'/!, 4 ii p, in this 
way the specific rotation for the temperature 4 is determined. 
If, next, oLtj^ IS observed in the same manner, we obtain [nr],^ 
= P> We obtain in this way a clear idea of the 

dependence of [nr] on 4 and finally after calculating the tf^n- 
perature coefficient of [n'] , we are able to reduce all the ob- 
served values of [nr] to one and the same temperature, usually 
to 20°. It must further be mentioned that the specific gravity 
‘is always referred to water at 4° ^ the choice of any other tern- 
perature (o® or 17.5°) is certainly to be condemned ^ since water 
at IS the basis of the metric system of iveight, 

163. Schmidt and Haensch Control Tube.— The Schmidt and 
Haensch control observation tube/ the use of which was re- 

1 Schmidt and Haensch • Ztschr fiir Tnstrum , 4, 169 (1884'!. 
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ferred to in §128, is illustrated by Fig. 79- T'bv tube A may 1 « 
moved, in telescope fashion, into the tube B which it fits very 
accurately, a leather washer being added at C to make the 
joint perfectly tight. The ends D and K are cl«se<l by the 
ordinary sa-ew caps. The motion of tlie tube A is accomplished 
by pinion and rack mechanism F ; on the latter there is a milli- 
meter scale which works over the vernier (>, attached to B, 
so that tenths of a millimeter may be rend off directly. The 
funnel H, which is detachable, serves to take up the excess of 
liquid expelled on contraction of the tubes. Instead of cln.-'ing 



Pis. 79. 

the tube A at D it may be closed at the other end at J by .screw- 
ing in a diaphragm with a plane parallel glass plate ; in thi.s 
arrangement the whole tube is shorter by the length I) J, than 
when the end is taken at D. On this principle (with din 
phragm at J) tubes may be constructed whose length mav Iw 
decreased to zero. For sacchariineters which are made to take 
in very long tubes, such an arrangement would be very ad- 
vantageous as it would permit a determination of the whole 
. error of the quartz wedge by u.se of a single .sugar .solution. 
For the ordinary short saccharimeters, the use of such a tulw, 
which may be shortened to zero, is not to be recommended, 
since the determination of errors is less accurate, the .shorter 
the tube in fully extended condition. 

It may be remarked regarding the practical use of the con- 
trol observation tube, that the solution cannot be introduced 
through the funnel H This should be removed and the ori- 
fice closed by the metallic stopper furnished with the tube. 
The cap E is removed, the tube fully extended, and then the 
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solution is poured in. After filling aud closing E the tube is 
brought into horizontal position, H is attached, and then the 
tube is shortened a little and a further small amount of liquid 
poured into the funnel. To prevent too much evaporation it 
is recommended to cover^the latter with a screw top which has 
a very small opening to permit the escape of the air. 


164. Measurement of the Tube Length.— 
The statement of the manufacturer is 
commonly taken as regards the length of 
the tube. But for all accurate work this 
length must be known with certainty to 
within o. i mm. , and it is, therefore, de- 
sirable to have means of measuring it 
one^s self. A measuring instrument de- 
signed by Eandolt for this purpose is 
shown in Fig. 80.^ It consists of a me- 
tallic bar, A, divided into millimeters, on 
the lower end of which, at a, there is a 
sharp knife edge The handle c, of wood, 
may be fixed at any point desired The 
vernier b, provided with two knife edges, 
may be shoved along the bar with a little 
friction, and permits a reading to o i mm. 
If the bar A is placed vertically with the 
edge a on a glass plate and then the ver- 
nier is shoved down until its two edges 
rest on the plate, the zero point on the 
bar and the zero on the vernier must 
agree, so that the reading zero is thus 
given. If the length of the tube B is to 
be found, one end is closed by a glass 
plate and screw cap, and then, in vertical 
direction, the measuring bar A is shoved 
down into the tube until the edge a 
touches the glass at the bottom Then 
the vernier b is brought down until its 
two edges touch the glass tube above, 
taking care that the bar A does not stand 




1 From Schmidt and Haensch, Berlin, 


Fig, 80 
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inclined in the tube. The length is then read ofi. This de- 
termination is repeated several times, the tube being turned 
through 90°, 180°, and 270®, and the mean of all taken. If 
the length found is expected to be actually accurate within o. i 
mm. , the correctness of the measuring bar must be previously 
determined, and above all the temperature of the bar must be 
considered.^ 

In all cases where it is desired to know the tube length more 
accurately than to o i mm , the simplest plan is to have the 
measurement made directly in the Physikalisch-Technisclien 
Reichsanstalt at Charlottenburg. The length of polarization 
tubes may be there accurately found by aid of a comparator to 
within o. ox to o 02 mm i 

If the angle of rotation of a liquid is found at different tem- 
peratures the change in length of the tube must be taken into 
consideration. It is sufficient for this purpose to consider the 
linear coefficient of expansion of glass as /? = 0.000008 for 
and for brass ^ — 0.000019 If the length of the tube at 20° 
be taken as then the length at is found from the equation, 
(I) lio = + 4 oo — 20). 

If, for example, a glass tube measures exactly 200 mm at 20®, 
its length, according to this, at 30° is 200 016 mm The cor- 
rection need, therefore, be considered only with long tubes and 
marked temperature changes 

C. DETERMmATIOR OF THE PERCENTAGE STRENGTH 
OF SOLUTIONS 

163. Reductions of Weighings to Vacuo, — The determination of 
the percentage strength by weighing will be considered in 
what follow's in such a manner as to make it as accurate as 
possible. If for special purposes, less accuracy is called for in 
the work, the procedure may naturally be easily simplified. 
As all weighings must be reduced to vacuo, the necessary for- 
mulas will first be stated. It must be assumed that these 
weighings are made on chemical balances which permit a mass 
determination which is accurate to about ±0.1 mg. 

A few remarks only need be made about the weighings them- 

1 The Physihalisch-Technischen Reichsanstalt at Charlottenburg makes tests of 
measuring rods and determinations of their errors in division 
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selves. The temperature of the weights, of the body to be 
weighed and of the air in the balance case, should differ but 
little from the air temperature of the room Do not place a 
vessel with calcium chloride in the balance case, as it is not 
possible to keep the air in the latter dry during the time 
of weighing , at most the calcium chloride may be used as a 
protection against rust when the balance is not in use. All 
weighings should be made by the method of vibrations, with a 
determination each time of the zero point and the sensitiveness 
of the balance ; aside from its greater accuracy, weighings by 
the vibration method, when one is once accustomed to it, re- 
quire less time than is necessary to accurately adjust the rider 
It IS necessary to determine always three or five reversal points. 
In regard to a determination of the errors in the set of weights 
It is only necessary to compare one of the pieces with a nor- 
mal set of weights the errors of all the others may then be 
found from this with sufficient accuracy The list of correc- 
tions should be pasted on the balance table, and at each weigh- 
ing the sum of the errors in the weights used should be noted 
at once Further directions may be found in Kohlrausch’s 
“Praktische Physik,” 1896, 41 to 53. 

In the reduction of the weighings to vacuo, the density of 
the air X (the mass of i cc. in grams) at the time of weighing 
must be known The density of the air is a function of the 
temperature i in the balance case, of the barometric pressure, 
b, in millimeters to be reduced to o®, and of the tension e of the 
aqueous vapor in the air • 

^ ^ o 001293 ^ — o> 375 g 

I + o 00367 t 760 

As for North Germany e is usually between 3 and 15 mm., it 
is sufficient to take for the purpose <? == 9, so that we have then, 

(I) X. = 0-00^293 ^—3-4 

^ I + o 00367 t 760 

Tbe error in X occasioned by variations in e amounts in the 
maximum to =1= 0.000004. If barometer is not measured 
on the same floor where the weighing is made, a correction 
must be made on since b decreases o. i mm. for an elevation 

t* The Normal- Aichungscommission, at Berlin, makes such comparisons t 
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of I meter. If t is observed accurately to 0.5° and ^ to i mm., 
then by aid of equation (I) tbe air density A. is obtained cor- 
rectly to "witliin about ±: 0.000008. In the mean, A. is about 
0.00119 and varies between the limits 0.00113 and o 00125. 

To eliminate the error due to inequality in the arms of the 
balance, the body whose absolute mass is to be found is 
weighed first on the one pan and then on the other. If 
and wij are the weights used in the two cases to hold the body 
in equilibrium, then the right weight of the body in the air is : 


( 11 ) 


m, + m. 
m = — S— i — 2. 
2 


The mass so found is then to be reduced to the vacuum weight 
as above If s is the density of the body and <T the density of 
the weights, then the desired mass M of the body in vacuo is 

M=m-{- mX , 

\ j cr / 


or in better form for computation 

(III) M= m + mX — — - 

Ordinarily the weights are of brass, for which o' == 8.4 may 
be taken ; the fact that the smaller weights are of platinum or 
other foil has no appreciable effect on the value of M. With 
reference to the densities, consult Landolt and Boernstein’s 
Tables, 1894, p 114 to 234, from which with the numbers on 
o' s 

p 10 the values for A. — - — may be taken 

If ni IS the apparent mass of the body in the air of density 
X, and fit* the apparent mass of the body in air of density A'- 
then follows from equation (III), 1 

(IV) m' = >» -f w (A — A') 

By means of this equation it is possible to reduce the mass 
found for any density of the air A to any other density A' 

166, Preparation of Solutions by Weighing. — For this purpose it 
is advisable to use small flasks with wide neck and glass stopper, 
having a capacity of 20 to 150 cc (Fig. 81) After cleaning 
the flask with water and rmsing with alcohol, it is dried by 
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forcing air for a long time through it Then, according to 
the last paragraph (II), its apparent mass m m the air of 
density A. will be found. Next, one of 
the components A of the solution is 
introduced into the flask ; if a definite 
quantity of A is to be taken it is more 
convenient to use a coarse balance at 
first, and then by means of an analyt- 
ical balance to find the exact weight 
According to (II) we have now the 
apparent weight n of the flask and sub- 
stance in the air, with the density equal 
to A.'. After obtaining, according to 
(IV), by aid of m. A, and A', the appa- 
rent mass of the flask m* at the air 
density A', then we have as the apparent mass of the sub- 
stance A at the air density A', 

= n — m* j 

is reduced, according to (III), to the vacuum weight and 
we obtain then as the real mass of A^ 

Then the second component B of the solution is brought into 
the flask and care is taken to make a homogeneous solution by 
shaking. Just as was found, we find now the true mass 
M of the solution composed of A and By but we must substi- 
tute now in (III) in making the reduction, the specific gravity 
s of the solution The real mass, M^y of the component B is 

We proceed in the same manner if still other components are 
to be added. If the solution contains the components A and B 
only, of which B is the solvent, then the percentage strength, 
py of active substance A m the solution is 


(V) 


, loo 


It is to be observed that py also the per cent, of the solvent, 

1 The density of the glass may be taken as 2,5 
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q == = 100 — are quite independent of the tempera- 

ture ; the percentage amount p gives clearly the composition of 
the solution , the solution is completely defined through p only . 

It is, therefore, advisable in following changes in specific 
rotation with increasing dilution of the solution, to represent 
the specific rotation as a function of p or q as is done on page 
5, rather than as a function of the concentration If water is 
used as the solvent, it should be thoroughly boiled so as to 
expel all the air. 

In this manner, when necessary, the percentage strength p 
may be found with very great accuracy. If, for example, the 
normal sugar solution so commonly used in saccharimetry, m 
which the amount of sugar is about 23.7 per cent , is accu- 
rately prepared by weighing and is then filled into the polari- 
zation tube, in which operation a little water is lost by evapo- 
ration, the actual percentage strength of the solution in the 
tube, after allowing for all sysrematic errors, may be given to 
within of its value; that is, accurately to ± 2 or 3 units 
of the third decimal place. But if the weighings are not re- 
duced to vacuo, the percentage strength would be too large by 
one unit 111 the second decimal place. 

167. Change in the Percentage Strengthen Filtration of the Solution. 
—But this great accuracy 111 the percentage strength no longer 
obtains if, on account of turbidity, one is obliged to filter the 
solution, because then by partial evaporation of the solvent, 
the percentage amount of the non-volatile constituent is in- 
creased. In order to obtain an estimate of the extent of the 
error so caused some experiments were made, and partly in 
this way that the whole filtering apparatus w’as placed on the 
balance, and partly by determining the strength before and 
after filtration Plaited filters of Swedish paper were used 
and the funnels and vessels were kept covered as well as pos- 
sible 

Aqueous solutions : ^.*43 131 grams of water filtered in four 
minutes and lost 0.019 gram by evaporation. Air tempera- 
tuie, 18°. 99.614 grams of water filtered in ii minutes with a 

loss of 0.041 gram Temperature, 20° According to this, 
m the filtration of 40 to 100 grams of a 10 per cent, solution, 
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the percentage strength would increase by 0.004. h. In the 
filtration of 50 cc. of an aqueous solution of silver nitrate, 
which was completed in three minutes, the percentage strength 
increased from 9.708 to 9.713. The temperature was 20®. 
The increase is o, 005 , which agrees with the first determinations. 

Alcoholic solutions * a. 31*007 grams of 94 per cent, alcohol 
filtered in four minutes and lost 0.067 gram by evaporation, at a 
temperature of 18®. 71 494 grams of the same alcohol filtered 

in ten minutes, at 19°, and lost 0.114 gram. If the above 
alcohols had contained 10 per cent, of active substance, this 
amount would have been increased in the first filtration to 
10.019 and in the .second to 10.014 per cent. b. 50 cc. of a 
solution of silver nitrate in 78 per cent, alcohol filtered in ten 
minutes, at 23°, and increased in strength from 9.686 to 9.714 
per cent, in one experiment, and to 9.736 per cent, in another ; 
that is, by 0.03 and 0.05. 

If we may assume that the evaporation is independent of the 
percentage strength and proportional to the amount of liquid 
filtered, which is only approximately true, it may be estimated 
that in aqueous solutions after filtration, the amount is in- 
creased by about o 005 for each 10 per cent, of substance, and 
for alcoholic solutions by about 0.03 to 0.05 

These increases in percentage strength may, therefore, be 
quite considerable for concentrated solutions, and if alcohol 
serves as the inactive solvent the first decimal place even may 
be wrong by several units. Filtration^ tkerefo^'c^ shotild be 
avoided as far as possible 

D. DETERMINATION OF SPECIFIC GRAVITY 

168. Construction and Use of the Pycnometer. — The specific grav- 
ity or density of a body is the relation of its mass to the mass 
of the same volume of water at 4° The choice of any other 
temperature is inadmissible. If the body is homogeneous the 
specific gravity is at the same time the mass of the unit of 
volume, the gram and cubic centimeter being naturally used 
together. 

The densities of solid bodies are important in polarimetry 
only vSO far as employed in the reduction of weights to vacuo, 
and the methods of determination need not be discussed here. 

29 



Reference is made to Kohlrausch’s ' 'Praktische Physik/ * 1 896, 
p. 57 to 60, and it may be remarked further that for the cases 
coming into consideration here the floating method devised by 
Retgers gives the best results. 

The densities of liquids may be found by aid of the pycnom- 
eter, the Mohr balance or the aerometer But the last two 
methods require larger quantities of liquid and may be applied 
to solutions only when the evaporation of the solvent is slight; 
but as they are easily subject to many systematic errors and 
do not possess at all the accuracy which is reached without 
difficulty with the pycnometer, the Mohr balance and the 
aerometer are only used in technical work for approximate 
determinations, while for scientific investigations the pycnom- 
eter alone may be employed 

With the pycnometer the mass of a definite volume is de- 
termined. Among the many kinds of pycnometers that of 
Sprengel gives unquestionably the most accurate results. The 
most practical form is shown in Fig. 82 The vessel A holds 
about 15 cc. and is made of rather thin glass. The two capil- 
lary tubes B and C, bent in the middle, are fused to the upper 
end of A. The extremities of these are ground. The inter- 
nal diameter of the capillaries is not the same ; B, which has 
a mark at D is about 0.9 mm, while C is smaller and about 0.4 
mm. in diameter. In order to be able to hang the pycnometer 
on the balance it is provided with a platinum loop E, as shown 
in the figure. To prevent evaporation during weighing, and 
possible loss of liquid by expansion with increase of tempera- 
ture, the ends B and C may be closed by the two ground glass 
caps F and G To distinguish it from G the cap F is marked 
by a blue glass bead at its end since this one is to be put on 
the capillary marked at D. To facilitate drawing in the 
liquid the bent glass tube H with ground end may be attached 
to the wider capillary B, and to the narrow capillary C, the 
bulb J, with ground neck, to which a bit of rubber tubing is 
attached. The definite volume of the pycnometer, which is 
always used filled, reaches from the point of C to the mark D 
and changes only by expansion of the glass with the tem- 
perature. 

The pycnometer is cleaned by washing with distilled water 
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Fig 82 


and alcohol, the latter being vaporized finally by a current of 
air. The apparent mass of the empty pycnometer with the 
two glass caps F and G in the air, is then a constant to within 
about dz 0,2 mg., the changes on account of variations in the 
density of the air taken into consideration In the determina- 
tions of specific gravity it is not necessary to make allowance 
for variable air density as may be seen in the following calcu- 
lation of errors for the specific gravity i i . The greatest dev- 
iation in the density of the atmosphere from its mean value 
of 0.001 19, or 0.0012, is about ±0.00005 As the water 
weight of the pycnometer is not commonly redetermined with 
overy new specific gravity test the density of the air can cause 
a maximum error of about ± 9 units m the fifth decimal place 
in the determination of liquid densities ; but it is assumed here 
that the empty pycnometer is reweighed before each determi- 
nation, and that, therefore, its apparent mass in the air can be 
brought into the calculation with an error of at most ± 0.05 


mm 
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mg. lyeaving out of consideration rare exceptional cases, the 
error in the liquid density by variations in the air density is, 
as a rule, less than 4 units in the fifth decimal place. As will be 
further seen below, all other uncertainties taken together may 
produce an error of about ± 2 units in the fifth decimal place. 
By adding the error of four units on account of uncertain air 
density the final error is 6 units, that is, the error in a specific 
gravity determination is ordinarily only ± 6 units in the fifth 
place^ even when the variable air density is left out of considera- 
tion; this degree of accuracy in specific gravity determinations 
is sufficient for all polarimetric work. It is likewise unneces- 
sary, in specific gravity tests, to make double weighings in de- 
termining the apparent masses in the air ; if the weighing is 
always made on the same side the inequality of the balance 
arms is completely eliminated, since specific gravity is the re- 
lation of two masses ; it is assumed, of course, that the rela- 
tion of the two arms is sufficiently constant, which, for the 
small loads here taken, should always be the case in a good 
balance. 

The pycnometer is filled with distilled water, reboiled to free 
it from air, and brought into a bath of constant temperature. 
A cylindrical glass dish with a capacity of several liters may be 
used as a -water-bath ; it should be placed in a round wooden 
vessel, the bottom of which is lined with a thick layer of cotton, 
and the space between the sides of the glass and wooden ves- 
sels should be also packed with cotton. For temperatures be- 
tw^een 15® and 25 the temperature of the water-bath will then 
remain constant to within a few hundredths of a degree. A 
standard with two movable arms is attached to the wooden 
vessel. One supports the holder K (Fig. 82), which may be 
made of a bent glass rod or of a thick piece of covered copper 
wire, vrhile the other supports a thermometer. The pycno- 
meter is hung in the holder K, and is immersed m the water 
of the bath to the level of the mark D The thermometer, 
graduated in tenths, the accuracy of which has been previously 
tested (see §161) is hung as close as possible to the pycnometer 
and care is taken to have the mercury in the bulb about at the 
level of the middle of A. If the water-bath is colder than the 
pycnometer, the liquid in the latter contracts on immersion in 
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the bath, but only in the wider capillary B, while the na 
rower one C remains always full If the water retreats b( 
yond the qiarh D, a drop of water on a glass rod is held to th 
point C This is immediately drawn into the narrow capillar 
and the mass of water moves up in the wider tube B. The 
the outside ends of B and C are carefullj’’ cleaned by bits o 
filter-paper. After about ten minutes, the pycnometer an< 
contents will have come exactly[to the bath temperature, whid 
may be recognized by the fact that the liqtiid meniscus in tb 
capillary B remains constant in position. After the tempera 
ture on the thermometer is read as accurately as possible, C u 
touched with a bit of filter-paper which causes the meniscu* 
in B to move toward D ; at the moment in which the middh 
of the meniscus just reaches D the filter-paper is withdrawr 
and the adjustment is completed ; m the adjustment the eye is 
held so that the mark D appears as a line. Finally, the nar- 
row capillary C is first closed with the cap G and then B 
with the cap F, When this is done the pycnometer is taker 
from the bath and dried with a soft linen cloth, and then it is 
placed on the balance where its apparent mass in air is deter- 
mined. If from this the apparent mass of the empty pycnom- 
eter be subtracted, the difference gives the apparent mass in 
air of the water which fills the pycnometer at the temperature 
of the bath. This apparent mass, which depends on the tem- 
perature only, is a constant for the pycnometer used and need 
not be found anew for each specific gravity determination 
After some practice such a degree of accuracy may be reached 
that with repeated adjustment and reductions to the same 
temperature, the apparent water masses will not vary by more 
than or to 0.2 mg. But it must be remembered that 15 
grams of water weighed in the air may vary about ±06 mg 
m maximum by reason of changes in the air density. The 
above calculation of errors is based on these relations. 

After cleaning the pycnometer with alcohol and drying it, it 
IS filled with the liquid whose specific gravity is to be found. 
All manipulations are now the same as before with water. 
The adjustment and weighings are made at least twice to 
avoid possible errors. By subtracting the apparent mass of 
the empty pycnometer from that of the filled, the apparent 



454 


Uil,J.iSKM.lNAXION OF SFttClFlC liKA\Ai» 


mass of the liquid in the air is obtained. By rei)eated weig 
mgs, and reductions to the same temperature, this hhoultl va 
at most by o I to 0 2 mg. 

169. Calculation of the Specific Gravity. — The following is t 
calculation of the specific gravity. We represent by 

B/j, the apparent mass of the water in the air at the tvi 
perature , 

F, the apparent mass of the liquid in the air at the tei 
perature t ; 

i2o, the specific gravity of the water at the temperature /, 

S/J, = o 000024, the coefficient of cubical expan.sion 1 
glass ; 

A., =0.0012, the air density, 

dt, the density of the liquid at the temperature t, refern 
to water at 4“. 

Then 




A {F- W,) 

fK • 


In this, the first factor is the rough uncorrected specific gravit’ 
the second and third factors are corrections. The .sccon 
factor corrects the specific gravity on account of teiiiperi 
ture changes, and the third comes from the reduction of th 
weights to vacuo. As already explained in the last paragrapl 
we obtain the specific gravity with the pycnometer to withi 
about ± 6 units in the fifth defcimal place. The speciC 
gravity may be given, therefore, to the fifth decimal, but th 
first factor must be calculated with seven-place logarithim 

If, in each weighing, the air density, A, is found accorditi 
to equation (I) (§165), then 


‘ W' ' w 3^ (^0 ‘Oi 


in which and F are the true masses of the water and th 
hquid, reduced to vacuo, by aid of equations (I) and (III 
(§165). 


The values of the speafic gravity, p„, of water at difforen 
temperatures of the hydrogen thermometer are found from th 
o owing table, which contains the mean values of Thie.seii 
Scheel and Marek. The numbers are accurate to about fiv< 
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units in the sixth decimal place, as may be seen by com- 
parison with the latest observations.* A fuller table is found 
in I^andolt and Boemstein’s Tables, 1894, p. 37. 


Ah 

)0o 

^0 


^0 

j2o. 

0® 

0 999 874 

18 0® 

0.998 628 

21.0® 

0 998 023 

I 

930 

1 

609 

I 

001 

2 

970 

2 

590 

2 

0.997 979 

3 

993 

3 

571 

3 

957 

4 

1. 000 000 

4 

552 

4 

935 

5 

0 999 992 

5 

533 

5 

913 

6 

969 

6 

514 

6 

890 

7 

93 t 

7 

495 

7 

868 

8 

878 

8 

476 

8 

846 

9 

812 

9 

456 

9 

823 

JO 

731 

19.0 

437 

22 0 

800 

II 

637 

I 

417 

I 

778 

12 

530 

2 

397 

2 

755 

13 

410 

3 

377 

3 

732 

H 

277 

4 

357 

4 

709 


132 

5 

337 

5 

685 

16 

0 998 976 

6 

317 

6 

662 



7 

296 

7 

639 

17.0 

808 

8 

276 

8 

615 

I 1 

790 

9 

255 

9 

592 

2 

772 





3 

755 

20.0 

235 

23 

568 

4 

737 

I 

214 

24 

326 



2 

193 



5 

719 

3 

172 

25 

073 

6 

701 

4 

151 

26 

0 996 81 1 

7 

683 



27 

540 

8 

664 

5 

130 

28 

260 

9 

646 

6 

109 

29 

0.995 971 



7 

087 





8 

066 

30 

674 



9 

044 

31 

368 


If, in the equations (I) and (II), — 0 amounts to but a 

1 Thiesen, Scheel, and Dlesselhorst Wied Ann,, 6o, 340 (1897) , * Die Thktigkeit 
derPhysikalisch-Technischen Reichsanstalt,” Ztschr fUrlnstrum, 17, (1897) 
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few degrees, it is sufl&cient to take for 3 /3 the mean vali 
0.000024 But it is always better to find the coeflBcient of e. 
pansion, 3^3, of the glass of the pycnometer by direct expel 
ment. For this purpose, the pycnometer is weighed, fillc 
with air-free water at two different temperatures. If, for e: 
ample, several determinations are made at about 10® and 30' 
3/3 may be found accurately within about 2 per cent. If tt 
two temperatures are and with 4 > Qi and the coi 
responding specific gravities of water, and the masse 
of the water contained in the pycnometer at temperatures 
and then 


(III) 






Although the numerator may be simplified to, Wj < 2 i ”■ ^'^1 jS 
it is still more convenient in working with definite numbers t< 
use the above form of the equation. If the density of the ai 
remains constant throughout the experiment, it is not neces 
sary to reduce the weights to vacuo, as 3 /3 is dependent 011I3 
on the ratio 


170. Variations in Specific Gravity with the Temperature.— 
In all more accurate polarimetnc work, as shown in § 162, 
changes of specific gravity with the temperature must be 
known and, therefore, the coefficient of cubical expansion of 
the solution must be found. This is best done by aid of the 
pycnometer. I^et this contain the mass of liquid at the tem- 

perature /i, and at the higher temperature the mass F^, If 
3 /? is the coefficient of cubical expansion of the glass, then the 
mean coefficient of expansion of the liquid, between and 
or also (with sufficient accuracy) the true coefficient for the 

2 


temperature 


, IS given in form suitable for calculation 


by 

(IV) + = + - jf -S JS + 3fi. 

As y is dependent on the ratio Fy^ F^ only, it is not necessary, 
constant air density assumed, to reduce the weighings to vacuo. 
If the temperature difference, is taken as about 15®, the 

coefficient of expansion may be easily determined to within 
about 3 per cent., which is sufl&cient for all polarimetric work. 
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As far as the variation in y with the temperature is con- 
cerned, we may assume this relation with sufficient accuracy 
for simple liquids as well as for solutions of definite percentage 
strength, 

(V) = a{t~26), 

in which ^ is a constant peculiar to the liquid. If, therefore, 
we find y for two different temperatures, then we may calcu- 
late first the two constants y^o and and next the coefficient 
of expansion for any desired temperature ; it is required, there- 
fore, to find the mass of the liquid in the pycnometer for at 
least three different temperatures. 

For solutions, y varies also with the percentage strength p 
of dissolved substance, so that y must be written as a function 
of p and t in the form 

(VI) y =/+gP + 20 ) + 20), 

in which /, g , /^, and z are four constants. If then the equation 
(V) is established first for the pure solvent, and then for a sin- 
gle solution of percentage strength p, the four constants may be 
found in a manner easily seen, and y may then be calculated 
for any desired p and /. In case the equation (V) has been 
found for several solutions of different strengths, p, the four 
constants may be calculated by aid of the method of least 
squares ^ 

As an example, we may take the expansion of a pure sugar 
solution in water. According to Schonrock** the dilation 
coefficient, y, between ii° and 26°, of a sugar solution with 
percentage strength between p~o and p = 30, is given by 
the equation ^ 

y = 0,000208 + 0.0000037 p + 0.0000108 {t — 20) 

— o.ooooooi9/(/— 20). 

This formula gives the true coefficient of expansion accu- 
rately to within ± 0.000008 

If the equation (VI) is found for y, and the specific gravity 
d at the definite temperature f has been determined, the 
specific gravity for any other temperature /may be found from 
the equation 

(VII) d, = de + dr ytj^ — 

2 

1 See Kohlrausch , “Praktische Physik,” 1896, p 9 ^ 

SchSnrock • Ztschr, ffar Instruni., i6, 243 (1896) 



E. DETEHMUrATIOir OF THE CONCENTRATION OF SOEHTIO 

171. Calcnlatioii of the Concentration from the Specific Gravity t 
Percentage Strength. — The concentration c, by which is undi 
stood the number of grams of active substance in 100 cc, 
solution, is found by taking the product of the percentfi 
strength p, and the specific gravity dt, found a.s explain 
above . 

(I) =M- 

While, now, the percentage strength p is perfectly indepe 
dent of the temperature, the concentration c varies with : 
We have, in analogy with equation (VII) (§170), 

(II) 

2 

As p and d may be determined with great accuracy, it fa 
lows from (I) that f:may be also exactly found. As we ha\ 
seen in §i66, it is possible, for example, to determine the pe 
centage strength of a 24 per cent, sugar solution to aboi 
=t three units in the third decimal place. As, further, accorc 
ingto§i68, Its specific gravity may be found accurately t 
about dz six units in the fifth decimal place, it follows that th 
concentration (about 26) may be found for the same tempei 
ature to within about Veooo its amount; that is, to ± 4 units i 
the thud decimal place accurately. 

But equation (/) gives the exact concentration only xvhen th 
speafic gravity d is referred to water at . Of course^ in tin 
casCy we understand by i cc. the volume which i gram ofwak 
occupies at 4^ weighed in vacuo. This cubic centimeter, almoH 
universally employed in scientific work, is usually desigiiate( 
as the true cubic centimeter,^ and is always understood in wlm 
follows, unless something else is mentioned. This true or prac 
heal cubic centimeter is, of course, to be distinguished fron 
the theoretical cubic centimeter; that is, the volume of a cub< 
whose edge is i cm. long. From the investigations of Men 
del^eff and Mac6 de Tepinay, it follows that 100 praclica 
cubic centimeters = loo.oro theoretical cubic centimeters. If 
for example, 100 practical cubic centimeters contain 26 gram.*- 

1 As dwtingfuisliecl from the Mohr cubic centimeter. 
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of substance, then, with reference to theoretical cubic centi* 
meters, c = 25.9974 ; in scientific work calculations are never 
based* on theoretical cubic centimeters. 

Concerning the Mohr cubic centimeter, no longer used in 
science, see §126. 

172. Preparation of Solutions in Measuring: Flasks. — The concen- 
tration may also be found directly by dissolving a weighed 
amount^ of the active substance in a measuring flask of definite 
volume. But this method has the disadvantage that the deter- 
mination of volume in the measuring flask is by no means as 
accurate as in the pycnometer, and further, that larger vol- 
umes of liquid must be brought to a constant temperature, 
which requires a correspondingly longer time. For exact 
experiments the method with the pycnometer is decidedly pref- 
erable. 

The measuring flasks to be used are illustrated in Fig. 83, 
and have a volume of 20 to 200 cc. , 
with a neck about 10 mm wide ; the 
circular mark on the neck should be 
down near the body so as to dimin- 
ish inequality in the solution as far 
as possible. Measuring flasks with 
a long narrow neck divided into 
.tenths of cubic centimeters, and 
closed with ground glass stoppers, 
and which have still sufiicient mix- 
ing space above the upper mark so 
that solutions with any volume be- 
tween 100 CG. and no cc. may be 
made, are very practical. Before 
the solution, made either in the flask 
itself or in another vessel, is diluted 
to the mark, a thermometer is dipped in it and the normal tem- 
perature (20®) secured by help of a water-bath. Finally, the 
thermometer is lifted, rinsed off with a little of the solvent, 
more is filled in to the mark and the whole is well shaken after 
inserting the glass stopper. 

The contents of the measuring flask must be accurately de- 

1 The weight must, of course, be reduced to vacuo. 
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temined by weighing before use. For this purpose, it is i 
nearly to the mark with air-free water, a thermometer ii 
serted and by warming or cooling in a water-bath it is brot 
to the normal temperature t, for which it is to be used, A 
withdrawing the thermometer, enough water is added to b 
the lower edge of the concave liquid surface exactly tangei 
the mark when viewed horizontally. Then, all drops hangin 
the neck of the flask are removed and the mass P of the wa 

in vacuo, found according to §165 and §166. If the spe^ 
gravity of water at the temperature t of experiment is Q 
table, §169), then the volume Vt in cubic centimeters, wl 
the flask contains at i°, is given by the equation ; 

(HI) 

It is possible in this manner, with several weighings, to i 
the volume of the flask within about zb 0.03 cc. 

When a measuring flask is to be used at any other tempe 
ture a than the temperature t for which it was graduated, 
cubical expansion of the glass must be taken into considerati 
If 3 /3 represents this coefficient (in the mean 0.000024), { 

Vi the volume of the flask at the temperature of graduati 
then this formula may be used in finding the volume at f • 
(IV) Vi^ 

To obtain an idea of the errors connected with the deteri 
nation of concentration of solutions made in a measuring fla. 
we can take as an illustration the preparation of the non 
sugar solution commonly employed in saccharimetry. Since 
17.5°! 26.003 grams of sugar (true mass) must be dissolved 
make 100 cc. (§126), the concentration of a correct norn 
solution is = 26.003. If we now assume that the su| 
is correctly weighed out and that errors in the flask in cc 
junction with inaccuracies in filling to the mark amount 
only rt o 02 cc , the concentration is already wrong 
=F o 0052, an error which is larger than that found in §i' 
On the other hand, assuming that at the time of preparing t 
solution the water has a temperature of 18,5° instead of 17 * 
according to (IV) the volume of the measuring flask is 
longer 100 cc,, but 100.0024, the 26.003 grams of sugar a 
contained m this. Accordingly the concentration of the pr 
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pared solution is Cag =f 26 0024 ; as further, the coefficient of 
expansion of a normal sugar solution'at 18° is 0.000283, then, 
according to (II), = 26.0098. In this case, therefore, a 

temperature difference of 1° in the preparation of the solution 
makes a difference of 0.007 in the concentration.’ It is seen 
from this how closely the temperatMre must be controlled when 
solutions arc prepared in the measuring flask. 

r. EFFECT OF THE DIFFERENT ERRORS OF OBSERVATION 
ON THE SPECIFIC ROTATION 

173 - Calculation of Errors. — £ach of the factors entering the 

formulas [o'] = ^ ^ or ^ ^ , is attended by a certain error 

of observation. If we represent by /(a) the error in a, by 
F(^a) the error in [a] caused by /(a), aadif/(/),/(^). . 

F{i)) have the same meanings with reference to /, p, then, since 
[a] is proportional to a, , the following simple relations 
exist . 

F{a) =/(«) F{ 1 ) =. -/(/) M 

F{b) = -m F{d) = -fld) M 

In the calculation of the errors, it is only necessary to 
use approximate values and two places of figures will be suffi- 
cient 

To secure a fairly close idea of the influence which each 
error has on the value of [(x "] , we shall carry through the com- 
putation for the case of the determination of the specific rota- 
tion of cane-sugar in water where [<y] is about 66. Let 
^ — 35®» / = 2 dm., / = 24, ^ = i.i ; these factors may be 
found with about this degree of accuracy : /(«) = zb o 004°, 
/(/) = zb 0.0002 dm., /(/) == =b 0.003, /(flf) = zb 0.00006. 
From these t(he following errors are calculated for [o'] F(a) 
zb 0.008, F{1) = qp 0.007, == =F 0.008, F(d) •= zf 

o 004 As seen, the errors in [a] are of the same order, so 
that the final accuracy m [«] is about ±: 0.014, or o 02 per 
cent. ; that is, the specific rotation in this case is found to within 
about Vsooo value. M all investigations one must take 

1 Correspondinfif to o 03® Venteke. 
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^nto account^ in this manner^ the degree of acciira(^ with Wi 
the different measurements may he carried out^ in order that 
estimate of the value of the final result is possible. 

The chemist may reply that such great accuracy in 
specific rotation is not to be reached because of the cheiii] 
impurity of the substance investigated While this is actus 
true in very many cases, this very fact should call for more ac 
rate work in the determination of specific rotation. It is o 
effter preparations, which have been made or purified by differ 
methods, have in turn been examined with g real accuracy^ w 
the result that differences in the specific rotation are found wh 
lie quite outside the errors of observation, that it may be sfa 
with posiitveness that these differences are due to impurities in i 
m,aterial investigated. At the present time, in the gn 
majority of cases, and especially in respect to the common< 
a.nd most frequently studied bodies,^ we are still quite uucerta 
whether the different values in the specific rotation, found i 
<iifferent observers, are due to errors of observation or to ii 
purities in the substances. Along with accidental erroi 
which follow from uncertainties in the observations, there a 
tlie systematic errors which are due in the main to the pec 
liarities in individual instruments, and to these the greate 
attention must be paid. Considering the delicacy of instn 
relents and methods to-day, certainly no great skill is require 
to obtain results which agree perfectlj^ with each other aft< 
repeating whole series of observations by one and the satr 
method , hut the skill of the observer is to be judged rather by h 
szeccess in eliminating systematic errors by variations in methoc 
€C 9 td accurate investigation of the apparatus employed. Bessel’ 
statement cannot be too highly appreciated, that every piec 
of apparatus must be twice constructed, first by the instru 
iruent-maker, then by the observer ; which is to say, that be 
fore use every measuring instrument must be accurately investi 
gated as to its errors. 

p'or fuller details concerning calculation of errors, see ILohl 
raxisch’s 'Traktische Physik,” 1896, p i to 27, or Ostwald’i 
* ‘ 3 ?liysiko-chemische Messungen,” 1893, p. i to 18 (conside 
especially page 9). 

1 See, for example, the constants of rotation of cane-sugar, tartanc acid, alkaloids 
etc., g’iven in Part VI 
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Practical Applications of Optical Rotation 


I. Determination of Cane-Sugar. Saccharimetry 

A Determination of Sugar with Instruments having a Circular 

Graduation 

174. By aid of the polaristrobometers described in §98 to 
§121, the concentration c or the number of grams of sugar in a 
solution, may be found by the following formula, where we 
measure the angle of rotation for a layer / decimeters in 
length 

100 cx 

As shown by Table II on page 465, to follow, we can take for 
the specific rotation of cane-sugar the constant value [a] n — -\- 
66 5, for all concentrations below c == 30 This is sufficiently 
close for practical work, as l may be found from it with accu- 
racy to o.oi or 0.02. If this number is substituted in the above 
equation, there follows, 

^ D 

f = 1 504 — 

For a 2 dm, tube 

<? = o 752 * I 

The percentage amount of pure sugar in a solid saccharine 
body, of which P grams have been dissolved to make 100 cc , 
and which is examined in an instrument with circular gradu- 
ation, is given by the proportion, 

P : 0.752 a • 100 X , 

75-2 

i7S- If we have to analyze very strong sugar solutions, or if 
the greatest degree of accuracy is desired, then the change in 
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the specific rotation [i^] with the concentration must be i 
into consideration. The following formulas are given to 
the dependence of the specific rotation of cane-sugar , oi 
percentage strength p : 

I. [«] 5 -=66.386 + o 015035 p — o.ooo3986^^(Tollens. y 
II [o'] = 66.438 + o 010312 p — 0.0003545 ;^®(Nasini and Villavea 
The following table (Table I) contains in columns d a 
the specific rotations calculated according to the above form 
and corresponding to percentage amounts of sugar (columi 
increasing from 5 to 5 [.per cent 
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a 

b 

c 

d. 

e 

f. 

Per 

cent 

amount 

P 

Sp gr A^U 
Interpolated 
from the 
nearest 
\'alues of 
Tollens 

d 

Con- 

centration 

Specific rotation 

ifi^p d 
according to 
Tollens) 

r 

Calculated by 
Formula I 
(Tollens). re- 
ferred to 

P 

Calculated by 
Formula II 
(Nasmi), re- 
ferred to 

P 

Calculate 

Formula 

referred 

c 

5 

1.01786 

5.0893 

66.451 

66,480 

6647. 

10 

1,03819 

10.3819 

66 496 

66.506 

66.50< 

15 

I 05926 

15.8889 

66 522 

66 513 

66.5U 

20 

I oSrog 

21.6218 

66.527 

66.502 

66.51; 

25 

I-I 0375 

27 5938 

66.513 

66474 

66.496 

30 

1.12721 

33.8163 

66.479 

1 66.428 

66 46c 

35 

1.15153 

40.3036 

66 424 

66.365 

66 404 

40 

1.17676 

47,0704 

66.350 

66,283 

66324 

45 

1.20288 

54.1296 

66.256 

66 184 

66 217 

50 

1.22995 

61.4975 

66.142 

66.067 

66 o 8 i 


The values in columns d and e may be used when the p 
ceutage amount of sugar, in roo parts by weight of a sol 
tion IS to be found, but the specific gravity must also 
known. We find p from 

100 a 

Id [aj * 

We proceed in this way. An approximate value for [«]• 
substituted and p calculated ; then the exact value of [ai] 

1 See Part VI, Constants of Rotation 

" See next page 
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taken from the table or is interpolated, and on substitution of 
this in the formula the exact value of p may be found. 

But the case is much more common m which we desire to 
find, not the percentage amount, but the concentration of a 
solution. The formula given above, 

100 OL 

possesses this advantage that the specific gravity of the sugar 
solution investigated need not be known, and that at the same 
time the latter may contain inactive substances also along with 
the sugar. As up to the present time we have had no formula 
which presented the specific rotation of cane-sugar as depend- 
ent on the concentration, the following new one has been cal- 
culated from the observations of Tollens and Nasini . 

Ill = 66.435 + o OC870 c—o 000 235 (holds for o to 65). 

The values of [«], according to this formula, are given in 
column f of the above table opposite the corresponding values 
from Formulas I and II. 

It will be recognized that all the values from Formula III 
he within those from the formulas of Tollens and Nasini. As 
the latter differ from e,ach other only by amounts which cor- 
respond to the unavoidable errors of observation, Formula 
III, for the concentration, possesses a degree of accuracy which 
satisfies all practical requirements. 

The specific rotation of sugar solutions with from i to 65 
grams of sugar in 100 cc is then given by the following : 


TabIvE) II 


c 

W 5 ;. 

Dili for 
c— l 

c 

[«]"• 

Diff for 

C ~ I 

I 

5 

10 

15 

20 

25 

30 

+ 66443 
66473 

66.499 

66513 

665x5 

66 506 

66 485 

-f- 0 0075 

-fO CX )52 

-|-o 0028 
+ 0 0004 
—0 ooi8 

— 0 0042 

— 0 0066 

35 

40 

45 

50 

55 

60 

65 

+ 66,452 

66 407 

66 351 

66 283 
66.203 

66 i|ii 

66 007 

— 0.0090 

— 0.0112 

— 0,0136 

— 0 0160 

— 0 0184 

— 0,0208 


The following example shows that the change in the specific 
rotation is marked enough to appreciably affect the results of 
optical analysis with solutions of considerable concentration. 


30 
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I^et a rotation of 83.11® be found with, a 2 dm. tube A< 
ingly, the concentration would be 0.752 X 83.11 == 62.51 
of sugar in 100 cc But, according to the table, the si 
rotation of sugar for this concentration is 66.06. The 
concentration will then be found from the equation : 


c 


100 X 83. It 
2 X 66.06 


=: 62.p1 grams 


B. Determination of Cane-Sugar mth Application of 
Compensation Instruments and the Ventzke Scale. 

176. These instruments which have been described in < 
in §122 to §137 are the only ones practically employed i 
sugar industry. In the course of time many different direc 
have been given for the manner of using them, as well £ 
the preparation of solutions of different saccharine substa 
but at the same time experience has shown that in the r€ 
of different observers differences are often found, the cau 
which must he m the lack of uniformity, m methods of 
cedure. In consequence of this, it has become necessary 
the side of the sugar chemist, as well as from that of rev 
administration to establish definite methods, and this has 
recently done by the Rules of Procedure provided by 
German Sugar Tax l^aw of May 27, 1896, appendices A, I 
and E The provisions in the last are based in part on man 
vestigations earned out in the laboratory of the Societ;; 
Promotion of the German Beet-Sugar Industry, and par 
larly those of Herzfeld,^ and partly on decisions reached it 
meetings of societies of commercial chemists ® 

1 See especially the following Herafeld Ztschr Ruhenzucker-Ind,, 40, 167 
“Die BestimmungdesZuckergehaltes der Handelswaare 41,685 (1891), ' 
des Invertzuckers in Melassen 42, 147 to 259 (1892), “Ueberdie ^weckmassigst 
der Werthschatzung des Rohzuckers 43, (1893), "Die Wasserbestimmung im 
zucker “ Also, Hamraerschmidt Ztschr Rubenzucker-Ind , 40, 465 (1890), “V 
gemeinening der Clerget’scheu Methode *’41, 157 (1891), “Bestimmmig der Sacch 
mittelst der Inversionsmethode ” Besides these, many other papers. 

a See Ztschr RUbenzucker-lnd , 36, 6 (i8S6), “Bencht liberdie Sitzuug derlj 
zucker-'Commissiou m Magdeburgvom 5Dec , 1885,“ and page ii appendix to tliif 
439 (1890), “Rundschreiben vom 6 Juh, 1890, an die Handclschemiker, betr die Be 
mung der Rafidnose und des Invertzuckers page 443, “Anleitung zurBestimi 
des Gehaltes an Raffinose und Invertzucker in den Producten der deutschen R 
zuckerfabrikation , ” page 446, “Arbeitsvorschnft fur die luvertzuckerbestimmu 
45* 73 (1895) ♦ Allg Theil, "Bencht uber die Versammlung der Handclschemiker 
12 Marz, 1895, in Berlin 46, 180 (1896), Allg Theil, “Sitzung der ComunsMoi 
Handelschennker behufs Prufung von Norinal<iuarzplattcn zur Controle der 
chanmeter 
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177. I^pr the work in hand, it appears most practical to give 
below an exact reprint of the four appendices of the sugar tax 
law referred to (in the order, C, A, B, and E).^ 

[Note by Translator. — Although the directions given below 
^pply some cases to German conditions only, it was thought 
best to allow them to stand as written, inasmuch as they are 
suggestive and have been pretty generally followed in the prac- 
tice of other countries. Permission was given by the author 
to modify this section at the discretion of the translator, but 
instead of doing this, attention will be called to the following 
books and pamphlets where other details may be obtained . 

Wiley’s Agricultural Analysis ” Vol III. Parts 2 and 3. 

Allen’s ** Commercial Organic Analysis.” Vol. I, 3rd ed. 
P* 243-379 

” Methods of Analysis adopted by the Association of Official 
Agricultural Chemists.” 1898 p. 27-40. 

” Revised Regulations Governing the Sampling and Classi- 
fication of Imported Sugar and Molasses. U, S Treasury 
Department.” Document No. 2113.] 


,,A££endlx^ 

DIRECTIONS FOR MAKING THE POLARIZATIONS 

Polariscope —In making polarizations for the purpose of revenue 
assessment, theVentzke-Soleil color apparatus or a half-shadow saccha- 
rimeter only may be employed. For both instruments, one degree of rota- 
tion in a 200 mm tube, at 17 5®, corresponds to a strength of o 26048 
gram of sugar in 100 cc of liquid ,** a sugar solution which contains 26 048 
grams in^ 100 cci — the so-called normal weight — produces accordingly a 
rotation of 100°. Therefore, when a solution of a substance is examined 
in a 200 mm. tube, and it contains 26 048 grams dissolved to make 100 cc , 
the degrees of the scale indicate the percentage amount of sugar present 
If only the half of this normal weight is dissolved, the number of degrees 
read ofiP must be doubled to obtain the correct per cent, of sugar The 
same is true for those cases in which the examination is made in a 100 
1 Taken from Ztschr Rubenzucker-Ind , 46, 410 to 427, and 435 to 439 (i8g6) 
The description of all other methods employed in the laboratories of sugar facto- 
ries may be found in the work of Frithling and Schulz “Anleitung zur Untersuchung 
■der fUr die Zuckcrindustne 111 Betracht kommenden Rohmaterialien, Producte, 
Nebenproducte und HUlfssubstanzen.” Braunschweig, Priedr Vieweg &Sohn, 1897 
Fifth edition 

s Mohr cubic centimeters are referred to. See §126 of this book. If flasks are used 
which are graduated in true cubic centimeters, the normal weight is 25 987 grams in- 
stead of 26,048 grams. See §126 and Ztschr. Rubenzucker-Ind., 41, 5x4 (1891) and 46, 
x8o (1896) 
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mm, tube. On the other hand, in investigations where the double i 
weight is examined in a 200 mm. tube, or where the simple 1 
weight is examined in a 400 mm. tube, it is necessary to take h 
number of degrees read oiF 

The mvestigations are to be made as nearly as possible at th 
scribed normal temperature , but slight deviations may be neglecte 

Proceed as follows in polarizing 

Weightng out and Dissolving the Saw pie j making up to w 
The tare of the weighing receptacle for the sugar, preferably a p 
copper foil bent up on two sides, is found on an accurate balance 
then the normal weight of the sugar, 26 048 grams is weighed out 
matter of convenience a weight is used for this which is adjusted 
normal weight. In case the sugar sample which is to be tested 
homogeneous, it is necessary before weighing to break any lumps p 
and mix thoroughly by rubbing with a pestle or with the hand, 
necessary to make the weighing quickly because, otherwise, esp< 
111 warm rooms, water may be given off dunng the process, an 
would increase the polarization. The sugar weighed out is shaker 
the copper foil through a brass funnel into a roo cc flask; any rem< 
particles are washed down with about 80 cc of distilled water from a 
bottle, having the room temperature, and then the liquid in the fl 
gently shaken until all is dissolved, larger lumps being broken ■' 
glass rod Any insoluble residue, such as particles of sand, m 
recognized as they cannot be crushed by the rod. In withdrawn! 
rod, the adhering sugar solution is rinsed down with distilled ’ 
Then the volume of liquid in the flask is brought exactly to the i 
mark with distilled water The flask is held in vertical position at 
water added drop by drop until the lower edge of the meniscus 
neck of the flask is exactly even with the mark when this is hel< 
level with the eye. After filling, the neck of the flask is dried with 
paper and then the liquid is wdl mixed by shaking 

Clarification , — Sugar solutions, which, after the filtration to I 
scribed below, are not clear or are so highly colored that they ar 
sufficiently transparent in the polarization apparatus, must, before \ 
to the mark, be clarified or decolorized. 

When a color instrument is used 10 to 20 drops, or when necessary, 
more, of basic lead acetate solution is added from a small pipette or s 
wash-bottle, the amount depending on the nature of the sugar an 
intensity of the light from the illuminating lamp emplo3^ed If c 
cation cannot be accomplished in this way, the addition of an equa 
ume of alum solution follows the lead acetate, or a few cubic centin 
of alum solution may be added first, and then a larger volume of the 
lead acetate solution than before, until a filtrate is secured which is n 
white or yellowish white If the solutions cannot be clanfiedin this 
then basic lead acetate alone is used and the filtrate is mixed wit] 
smallest amount of extracted blood charcoal ( i to 3 grams at mos 
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with bone-black dried at 120°. In this case, the polarization must be in- 
creased by the amount of the absorption coefficient of the charcoal which 
must be found when it is purchased 

If a half -shadow apparatus is employed, the addition of 3 to 5 cc of a 
thin alumina cream along with a little basic lead acetate is usually suffi- 
cient Only when the sugar solutions are very highly colored is it neces- 
sary to employ the same clearing method given for the color instrument 
It is scarcely necessary to proceed to the application of blood- or bone- 
charcoal for the half-shadow instruments, since rather dark sugar solu- 
tions may be polarized in these. 

After clarification, the inside of the neck of the flask is washed down 
with water from a wash-bottle and the solution is made up to the mark in 
the manner described Then any drops of water clinging to the inside 
of the neck are wiped out by aid of filter-paper, and the contents are 
thoroughly mixed by shaking after closing the neck with the finger 

With reference to clarification, the following general remarks hold for 
both kinds of instruments : 

1 The greater the intensity of the light used with the instrument, the 
less will be the decolonzation required by the liquid. Petroleum, gas, 
incandescent, or electric lamps constructed for the purpose may be 
used. With half -shadow instruments, it is necessary to purify the light 
from other than yellow rays biy aid of a chromate plate or chromic acid 
solution furnished with the apparatus With application of incan- 
descent gas light this addition is always necessary 

2 When using basic lead acetate for clarification, a large excess must 
never be added With a little practice, one learns when to stop with 
the acetate But, if too much basic lead acetate has been added, 
the excess must be precipitated by addition of alum solution in the 
manner shown above 

3 The action of the clearing solutions is the stronger, the more per- 
fectly the mixture is shaken after filling to the mark 

Filtration , — Proceed next to filtration of the liquid, which is done 
by aid of a paper filter in a glass funnel The funnel is placed over a so- 
called filtering cylinder which receives the liquid, and during the opera- 
tion is covered with a glass plate, or watch-glass, to prevent evapora- 
tion The funnel and cylinder must be perfectly dry , any moisture 
present would have the effect of diluting the 100 cc. 

It is convenient to have the filter large enough to receive the whole 
100 cc of liquid at one time , it is also recommended, unless the paper is 
very thick, to use a double filter. The first drops which pass through are 
thrown away, as they are turbid and modified by the moisture of the 
paper. If what follows is also turbid, it must be returned to the funnel 
until a clear filtrate runs through. It is absolutely necessary to observe 
these precautions, because an accurate polarimetric observation can be 
made only with a clear liquid. 

Filling the 200 mm. Tube , — After a clear solution is secured in the 
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manner described above, the tube which is used in the polanmetric ( 
mmatiou is filled with the liquid necessary from the filtrate i 
cylinder 

As a rule, a 200 mm tube is employed , but with solutions, whi< 
spite of all efforts at clarification, are still turbid or dark, a 100 mm 
is preferable. 

These observation tubes are made of brass or glass , they are clos 
both ends by means of round glass plates, so-called cover-glasses 
cover-glasses are held by means of screw caps, or by a spnng cap v 
IS shoved over the tube and is held in place by the spring. 

The tubes must be most carefully cleaned and dried. The cleani 
most easily accomplished by washing with water and then by pushing 
wads of filter-paper through them by aid of a wooden rod The ci 
glasses must he polished perfectly* bright and must not show any in 
feet places or scratches Avoid warming the tube by the hand when 
filled. Therefore, hold the tube, which is closed below, by only 
fingers, and fill it so the liquid meniscus projects above the upper opei 
then wait a short time to allow any air bubbles to escape and push oi 
cover-glass from one side in a horizontal direction The cover-; 
must be put on so qmckly and carefully that no air bubble can 
under it If it is not satisfactorily done the first time the operation i 
be repeated, after having cleaned and dried the cover-glass and fillet 
the meniscus with a few drops more of liquid. After bringing the cc 
glass in place, the tube is closed with the cap If this is accomplr 
by a screw cap the greatest care must be taken to turn it on only s< 
as is necessary to hold the cover in firm position ; if it is pressed too h 
the cover-glass may become optically active and an incorrect resul 
found on polarization If the screw has been turned too far, it is 
sufficient simply to loosen it, but some time must be allowed to 
before the polarization can be made, since the glass often loses the 
parted polarizing power but slowly To be perfectly certain, the ot 
vation should be repeated several times after intervals of ten mini 
until the result shows no further change 

Preparah 07 i of the Insirmnent for Observahoft — ^After filling 
tube it should be held up toward the light to see if the field of \ 
appears perfectly round, and if any part of the rubber ring placed ur 
the cap to dimmish the pressure on the cover-glass extends over the 01 
ing in the metallic nng If the rubber is found to project in this m 
new dry tube with a larger ring opening should be taken and filled an 
The apparatus is then made ready for the observation. It should 
placed in a room, the windows of which may be darkened as far as pc 
ble by curtains, so that the eye will not be disturbed by outside li 
during the observation Care should be taken to have the lamp wl 
furnishes the light for the apparatus in good condition. The lam 
placed at a distance of 15 to 20 cm from the instrument, and after li^ 
ing it, wait at least a quarter of an hour before beginningthe observatic 
Any changes in the character of the flame, as well as a change of dista 
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between the lamp and polariscope, or turning the wick or the flame up 
or down, or any movement or turning of the lamp, affects the results of 
the observations.^ 

By moving the telescope at the front end of the instrument it is so ad- 
justed that the hair hue, which divides the field of view into two halves, 
appears clearly defined. The eye should not be held right at the ocular 
of the telescope, but at a distance of i to 3 cm,, and during the observa- 
tion the whole body should be in a perfectly comfortable position, since 
any unnatural position leads to a strain which disturbs the eye If the 
apparatus is properly adjusted the field of view is round and sharply de- 
fined. One should not be satisfied with a partial fulfilment of these 
conditions, but should change the position of the instrument, the lamp 
or the telescope, as necessary, until the desired end is reached. 

Zero Point Adjustment — ^Then proceed to the determination of the 
zero point With beginners it is advisable to place a tube filled with 
water in the instnunent, as thereby the field of view is enlarged and the 
observation made easier 

With a color instrument, finding the so-called transition tint precedes 
the actual zero point adjustment To this end the screw head on the 
right of the apparatus is turned until, with a little practice, a certain 
easily recognized light blue or blue violet shade is secured at about the 
right zero position 

The sharp zero point adjustment is made by turning the screw head 
under the telescope, to and fro, until, at the right point, the two halves 
of the field of view have the same tint in a color instrument, or are equally 
dark in a half-shadow instrument 

The result of the zero point adjustment is determined in the same man- 
ner in both forms of instrument This result is read off on the gradu- 
ated scale piovided with a vernier, by means of an observing telescope, 
the scale being sharply illuminated by aid of a candle flame On the 
fixed vernier ten divisions correspond in length with nine divisions on 
the scale , the zero point of the vernier shows the whole number of de- 
grees, while the vernier divisions serve to determine the tenths to be 
added. If the zero point of the apparatus is correctly adjusted the point 
indicating it must coincide with the zero of the vernier If this is not 
the case the deviation must be noted and afterwards must be used to cor- 
rect the polarization reading. 

One must not be satisfied with a single zero point reading, but five or 
six readings are made, and the mean of the deviations is calculated If 
single readings show a variation of more than three-tenths of a division 
from the mean, they are left out of consideration as incorrect. Between 
two readings the eye should be allowed to rest twenty to forty seconds. 

If a number of analyses are to be made in succession it is not necessary 
to find the zero point before each one, but it is sufficient if this is done 
after the lapse of an hour. 

1 This IS not the case if the path of the rays through the instrument is correct, 
according to §96 of this book. See also §129 
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Polarisahofi of ike Solution. ~^Kl\xx the zero point has been foiiii 
tube IS filled with the sugar solution and placed in the apparatus. The 
scope is again focused until the dividing line between the fields i 
tinctly visible and a perfectly round image of the field of view is sec 
If the field appears dim , even after change in the focus, it is necesse 
repeat the work from tlie beginning. But if a clear image is obtaine 
screw head under the telescope is turned until uniformity in tint 
cuied in a color instrument, or agreement in shade in the half-sli. 
instrument Then the nearest number of degrees is read off on the 
and the tenths on the vernier, Five or six single observations are i 
as before, at intervals of ten to forty seconds, and the mean of these t 
as the final result of the polarization If the zero point did not stai 
exactly the right place, the variation in the reading must be added 
was toward the left, and must be subtracted if it was shoved to the ri 
also, in case bone-black was employed in the clarification, a corre( 
must be made as explained above. 

Control of the Apparatus . — Every polarizing instrument must be te 
before its first use, and also afterward, from time to time, especially 
has been shaken or jarred, to determine its accuracy, and this is don 
finding the zero point and examining the scale by aid of so-called noi 
quartz plates whose polarization is known. The test may be made 
by use of 26 048 grams of pure sugar, the solution of which should p( 
ize exactly 100 degrees when the zero point is placed correctly. 

Append 

DIRECTIONS FOR THE REVENUE OFFICIALS 

in testing sugar sirups for invert sugar, and in fixing the quotient 
sirup containing less than 2 per cent, of invert sugar. 

I. Testing Sugat Sirups for Invert Sugar 
Exactly 30 grams of the sirup^ previously made thin by warming, 
weighed into a porcelain dish and brought into solution by stirring a 
addition of 50 cc. of warm water. As a rule, the solution does not 
quire filtration, even if it appears cloudy. It is poured into an Erleiinie 
flask of about 200 cc capacity, or into a correspondingly large porcel 
dish, and then 50 cc of Pelihng solution is added 
The Fehling solution is made by mixing equal volumes of blue viti 
solution (34*639 grams of crystallized copper sulphate to make 500 c< 
and alkali-Rocliblle salt solution (173 grams of crystallized Rochelle 
in 400 cc,, this solution mixed with 100 cc. of a sodium hydroxide sc 
tion which contains 500 grains in a liter) The two liquids, which may 
obtained from chemical dealers, must be kept separate ; of each one, 
cc IS taken by a special pipette and added to the solution of the suj 
sirup with sLirnng. If a large number of tests are to be made at one ti 
the two constituents of the Fehling solution may be mixed with ea 
other m correspondingly large amount, but the use of such a mixture 
allowable only within three days, because on longer standing it becon 
valueless for analysis 
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The liquid mixed with lE^ehliug solution is heated in a flask ou gauze 
over a Bunsen burner or a good alcohol lamp, brought to boiling and kept 
in ebullition two minutes This time of boiling must not be shortened. 

Then the lamp is removed and the liquid is allowed to stand at rest a 
few minutes to permit a precipitate to settle ; the flask is held toward the 
light to see whether or not a blue color remains. If there is still copper 
in the solution, which is shown by a blue color, the solution contained 
less than 2 per cent of invert sugar 

The color is more easily recognized by holding a sheet of white paper 
back of the flask and examining it in reflected light 

If, after boiling, the liquid appears yellowish green or brownish it is 
possible that undecomposed copper solution is still present, but masked 
in color by the yellowish brown color of the sirup In such cases, pro- 
ceed as follows • 

A small filter is made of good thick filter-paper, ^placed in a glass funnel 
and moistened with a little water so that it may be pressed against the 
edge of the funnel The funnel is placed over a test-tube , then, about 
10 cc of the boiled liquid is filtered, and to the filtrate about the same 
volume of acetic acid and one or two drops of an aqueous solution of 
potassium ferrocyanide are added If an intense red color appears in the 
filtrate, copper is still in solution and it is so shown that the sirup con- 
tains less than 2 per cent of invert sugar 

2. Determination of the Quotient for Sugar Sirup Containing Less than 
2 Per Cent, of Invert Sugar 

The quotient (or coefficient of purity) is that per cent of sugar in the 
solids of the sirup which may be calculated from the polanzation and 
the specific gravity on the Brix scale 

a To Find the Spectjii Gravity tn Brix Degrees. 

In a tared beaker, weigh off 200 to 300 grams of the sirup to be tested 
100 to 200 cc of warm distilled water is added, the mixture is carefully 
stirred (to avoid breaking the glass) until the whole is brought into solu- 
tion, and then the beaker is placed in cold water until the contents have 
cooled to the room temperature Then the beaker is placed on a balance, 
and water is carefully added from a wash-bottle until the whole weight 
of added watei is just equal to that of the sirup taken For example, if 
251 grams of sirup were taken for testing, then water must be added until 
the liquid weighs 502 grams After adding the water the liquid is stirred 
and filled then into the specific gravity cylinder so far that, after immer- 
sion of the Bnx spindle, it does not reach quite to the upper edge The 
cylinder must be placed in a vertical position so that the spindle will 
float freely without touching the sides. The spindle is immersed slowly, 
and care must be taken not to moisten that part of the stem which remains 
above the liquid after the spindle has come to re.st When this condition 
is reached, the saccharometer degrees are read off at the point where the 
liquid meniscus cuts the stem 
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The number of degrees read off on the spindle holds for the i 
temperature of 17.5^' C. If the liquid does not happen to ha^i 
normal temperature, the degrees read off must be corrected by aid 
following table, after the true temperature is found by means of 1 
mometei attached to the body of the spindle 
After the correction, the Brix degrees are to be rounded off in t 
by considering live or more hundredths as a full tenth, and s 
fractions neglected » 

The number of degrees read off are to be multiplied by 2, becau 
liquid employed in the test had been diluted with an equal wei, 
water. 


Tabi;e for the Correction of Brix Degrees for Temfera^i 
Different from the Normal Temperature (17.5® C.) 



There must he added to the saccharometer readings 


18 

003 

003 

0 03 

0.03 

0 03 

0 03 

0*03 

0. 

19 

O.IO 

0 10 

0 10 

0.10 

0 10 

0 10 

0 08 

0 

20 

0 18 

0.18 

0 18 

0 19 

0 19 

0 18 

0 IS 

0. 

21 

0.25 

0 25 

0 25 

0 26 

0 26 

0 25 

0 22 

0. 

22 

032 

0 32 

0,32 

0.33 

034 

0.32 

0 29 

0 

23 

0-39 

039 

039 

0,40 

0 42 

039 

0.36 

0. 

24 

0 46 

0 46 

0.47 

0.47 

0 50 

0.46 

0‘43 

0. 

25 

053 

054 

0.55 

0.55 

0 58 

054 

0 51 

0 

26 

0 60 

0 61 

0 62 

0 62 

066 , 

0 62 

0 58 

0. 

27 

06S 

068 

0.69 

0 70 

0.74 

0.70 

0 65 

0. 

28 

0.76 

0.76 

0 78 

0 78 

0.82 

0.78 

0, 72 

0, 

29 

0.84 

0 84 

1 086 

086 

0.90 

086 

0.80 

0. 

30 

0.92 

0.92 

0.94 

094 

0 98 I 

0.94 

0.88 

0 
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b, * Polarization 

In the polanzation of sugar sirups, because of the dark color, the direc- 
tions given m Appendix C for determination must be modified in these 
respects 

Only the half weight, I3»024 grams, is taken in testing sugar sirup. 
This is weighed into a porcelain dish and treated with 40 to 50 cc of 
lukewarm distilled water, and stirred with a glass rod until it has dis- 
solved completely. Then the liquid is washed into the flask and before 
filling to the mark is clarified 

For the clarification about 5 cc. of basic lead acetate solution is run 
first into the flask. If after the precipitate has settled, which follows in 
a few minutes, the liquid is still too dark the addition of the lead acetate 
is continued until the desired brightness is secured As much as 12 cc. 
of the basic acetate is often required for this. But it must be observed 
that the basic acetate must be added in sufficient, but not in excessive, 
quantity ; each new drop added must produce a precipitate in the liquid 

If it is found that the latter cannot be sufficiently clarified by the addi- 
tion of basic lead acetate to be polarized in the 200 mm tube, an effort 
should be made to polarize it in the 100 mm tube If this is likewise 
impossible a new sample should be prepared, which is treated with about 
10 cc of an alum or tannic acid solution before the addition of the basic 
lead acetate , these solutions produce heavy precipitates with basic lead 
acetate, which have a clarifying effect and permit the use of larger quan- 
tities of the lead solution 

After the polarization is made the number of degrees read off must be 
multiplied by 2, since only the half-normal weight was taken for the test 
If a 100 mm tube was employed in place of the 200 mm tube the num- 
ber of degrees read off must be multiplied by 4. 

( Calculation of the (Quotient 

If the observed number of Brix degrees be designated by and the 
degree of polarization by P, then the quotient is calculated by the for- 
100 P 

mula, Q ■= — ^ — . In stating the final result smaller fractions than full 
tenths are omitted. 

Illustration of the Determination of the Quotient — 200 grams of a 
sugar sirup are diluted with 200 grams of water The Brix spindle indi- 
cates 35.2° at a temperature of 21® C ; from the above table o 25 must be 
added ; this gives then 35.45®, or rounded off 35 5°, and after multiplying 
by 2, 71® Bnx The polarization of the half-normal weight in a 200 mm. 
tube gave 25 2®; the true polanzation is then 25.2 X 2 = 50.4® The 

quotient calculated is therefore = 70 9. 

Final Provision 

Revision reports must contain the following data * the result of the 
test for invert sugar, the number of degrees read off on the areometer, 
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the temperature of the solution, the calculated areometer degrees f 
undiluted sirup, the polarization for the whole normal weight ai 
quotient. 

Apge 

DIRECTIONS FOR CHEMISTS 

I In dctcrmming the quotient for sirups containing 2 per cent, or 
of invert sugar, and the quotient of sirups to be examined for 
nose, 

also, 

II. In determming the amount of sugar m crystal sugar supposed t( 
tain rafdnose* 


I. The Quotient for Sirups 

According to the regulations provided by the sugar tax law the c 
inination of the quotient for a sirup shall be left to a chemist when : 
a There is no o£Scial properly qualided to determine the quotie 
the point of declaration or at the office to which the sample is 
b The sirup contains 2 per cent or more of invert sugox| 
c. The one presenting the sample asks for‘the calculation of the 
tient from the amount of pure sugar chemically determined. 

W hen samples are sent from the revenue office to a chemist he mui 
informed as to which one of the above grounds the investigation is a 
for, and besides in cases coming under r, whether or not the applies 
of the raffinose formula is allowable, according to the directions o 
section 5 of the last part of the Rules of Procedure, where 2 or r 
per cent, of invert sugar may be present 
In cases under a the chemist must proceed as in Appendix A of 
Rules of Procedure, but ^^lth the condition that the Brix degrees ar 
be found as given in the following section i 

In cases under b the quotient must be found as explained in the foil 
mg section r 


In cases under r, as far as the use of the raffinose formula is allows 
the method of section 2 below must be followed, otherwise the metho, 
according to the provisions of section i If the propriety of using 
raffinose formula depends on whether or not the sirup contains less tl 

“lust be tested according to 

method of section i in Appendix A ^ 


/ Determination of the Quotient tn Sirups Containing s Pei- Cent 
More of Invert Sugar 

la the inv^tagption of sirups containing 2 per cent or more of inv 
sagar Bnx degrees must be calculated from the specific gravity of 1 
undiluted sirup found by aid of a pycnometer of 1 

and thTT^l ««“ber of Bna: degr. 

and the direct polanzation to be always made in connection then a 



But if a quotieut below 70 is found in this prehminary test then the 
exact determination of the amount of sugar is called for. In this it is 
not the saccharose alone which is to be calculated as sugar, as in factory 
work, but the invert sugar present, which is calculated to cane-sugar by 
the subtraction of is to be added to the latter and the sum then taken 
as the basis of the calculation. 

In sirups the invert sugar is often inactive, but it may have the normal 
left rotation and, therefore, make the polarization of the cane-sugar pres- 
ent appear too low For this reason it is not permissible in the exami- 
nation of sirups, to proceed as was suggested by Meissl for solid sugar- 
cane sugars, to multiply the invert sugar by 0.34, and to add the prod- 
uct obtained to the polarization If one should proceed in this way, the 
sugar content of a sirup would, in many cases, be made to appear too 
high But the possibility must always be kept in mind that, in conse- 
quence of the left-hand rotation of invert sugar, in presence of much of 
the latter the cane-sugar content will be found much too low In con 
sideration of these conditions, it appears in general that the calculation 
of the total sugar from the polarization and the invert sugar found is 
allowable only in those cases where the amount of invert sugar does not 
exceed a certain limit. As an illustration, in piesence of 6 per cent of 
invert sugar the polarization of beet-sugar could be 6 X o 34 = 2 04 
per cent, too low. It is then advisable, in general, to abandon the optical 
method for sugar determination in sirups and to apply a gravimetnc 
estimation for which a method that can be quickly carried out is given 
below under a 

But an exception must be made when starch sugar is added to the 
sirup As we are unable to determine accurately the amount of starch 
sugar present, and as, in addition, the reducing power of this sugar, which 
in the commercial product corresponds to a content of 40 to 60 per cent 
of dextrose, remains practically constant under the conditions which are 
applied in the inversion of sirup for carrying out the gravimetric method, 
it follows that in cases where this sugar is added, the gravimetric method 
for determination of the total sugar content, or the quotient, can no longer 
be applied. It would lead, on the contrary, to gross errors, and sirups 
with a quotient above 70, with a certain amount of starch sugar added, 
would be made to appear, when tested in this way, as having a quotient 
below 70 With starch sugar present, the left-hand rotation of the in- 
vert sugar no longer affects the polarization as in the case of unmixed 
sirup, because the starch sugar has a much greater right-hand rotating 
power than the other kinds of sugars which may be there To guard 
against mistakes which are easily possible with the mixing of starch 
sugar and sirups having a quotient over 70, the total sugar content, in all 
cases when starch sugar is added, must be calculated from the polari- 
zation and the invert sugar determined directly, as explained below, under 
b 

Every sirup which contains 2 per cent or more of invert sugar must, 
therefore, be tested to find whether or not it contains starch sugar. 
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In sugar factories starch sirup is seldom added to cane-sugar s 
As a rule, molasses, which are to be sent to distilleries or to factor! 
the extraction of sugar, do not contain starch sugar, because such s 
could be worked only with difficulty in these places. If the ch 
making the tests has reason to believe from his knowledge of the < 
or destination of the sugar sirup in question, and after proper cons 
tion, can assume with sufficient certainty that it does not contain s 
sugar, then he may omit the chemical tests which would be calle- 
But, in other cases, the chemical examination for starch sugar mi 
made in the following manner : 

The half normal weight ns dissolved in the loo c^. flask in 75 
water, and inverted at 67° to 70® C by addition of 5 cc of hydrocl 
acid of 1.19 specific gravity Then the flask is filled to 100 cc , an 
solution is decolorized by addition of J to i gram of blood- or bone- 
coal which has been washed with hydrochloric acid, or, with dark si 
with even 2 or 3 gtams, added directly to the flask in dry conditiot 
blood-charcoal is used, its absorption factor for invert sugar must t 
termined, as it is not the same for all kinds, and a corresponding 
rection made on the polaiimeter reading. Unadulterated sirups, as f 
by experience, show often less than the normal left-hand rotation, v 
at 20° IS 0.327 of the onginal right-hand rotation, but the amou 
always at least the fifth part of the original Therefore, only such s 
shall be considered as mixed with starch sugar whose left-hand rot 
after inversion is less than one-fifth of the right rotation before invei 
For example, a sirup of 55® polarization which, after inversion, sh( 
rotation of less than — 11®, or even a right-hand rotation, must be 
sidered as mixed with starch sugar 

a. Sirups free from starch sugar 

In sirups free from starch sugar the determination of total sugar 
be made in a single operation. 

The half-normal weight (13.024 grams) is taken and dissolved in 
cc. flask in 75 cc. of water, 5 cc. of hydrochloric acid of i 19 spi 
gravity is added, and the whole is warmed to 67® or 70® in a water-, 
The flask is kept five minutes longer at this temperature of 67° ti 
and is frequently shaken. As the heating requires two and one 
to five minutes, the whole operation -will consume seven and one-hj 
ten minutes , in any event it should be completed in ten minutes, 
flask IS filled to the mark and 50 cc of the 100 cc is then diluted 
liter, and 25 cc. of this dilute solution (corresponding to 0.1628 gra 
substance) is taken in an Brlenmeyer flask and neutralized by the 
^tion of 25 cc of a sodium carbonate solution containing i 7 grams 0 
anhydrous salt to the liter. Then 50 cc of Fehling’s solution is a 
and the solution is heated to the boiling-point in the same manner as ii 
invert sugar determination, and then kept three minutes in ebulli 
The liquid should be heated as quickly as possible by means of a 
triple burner, using wire gauze and sheet asbestos with a ring cut o 



it, and should require three and one-half to four minutes; when the 
liquid begins to boil rapidly a single burner is exchanged for the triple 
burner When the boiling is complete the liquid in the flask is diluted 
with an equal volume of air-free distilled water and the process is con- 
ducted in general as in the determination of invert sugar The tables 
found in the literature cannot be used in the calculation of the result be- 
cause they do not obtain for invert sugar, but only for dextrose, or for 
mixtures of invert sugar and saccharose ; the cane-sugar content of the 
sirup corresponding to the copper obtained must be found by use of the 
following table only, which gives it directly in per cent The calculation 
of invert sugar into cane-sugar is then avoided by use of the table 

Tabi^b or ras Ca];cui.ation of Cans-Sugar in Per Cent , Corre- 
sponding TO Invert Sugar Present, from the Amount of 
Copper Weighed, after Three Minutes’ Boieing, 

WITH 0.1628 Gram of Substance Taken 


Copper 

mg 

Cane- 

sugar 

Per cent. 

Copper 

mg 

Cane- 

sugar 

Per cent 

Copper 

mg 

Cane- 

sugar 

Per cent 

Copper 

mg 

Cane- 

sugar 

Per cent 

79 

2457 

106 

32 76 

133 

41 04 

160 

4950 

80 

2487 

107 

3308 

134 

41 35 

161 

’4982 

81 

25.17 

108 

3338 

13s 

41 66 

162 

50 13 

82 

25-47 

109 

33 87 

136 

41 98 

163 

50 45 

83 

25 78 

no 

33 97 

137 

42 29 

164 

50 76 

84 

26.08 

III 

34 27 

138 

42 60 

165 

51 08 

85 

26 38 

II2 

3458 

139 

42 91 

166 

51 40 

86 

2668 

II3 

3488 

140 

43 22 

167 

SI 72 

87 

26 98 

II4 

35 19 

141 

43 53 

168 

52 04 

88 

27 29 

IIS 

35 49 

142 

4385 

169 

523s 

89 

27 59 

Ii6 

35 80 

143 

4418 

170 

52 6/ 

90 

27 89 

117 

38 10 

144 

4448 

171 

5299 

91 

28 19 

118 

3841 

145 

4470 

172 

53 31 

92 

28 50 

119 

3871 

146 

45 10 

173 

5383 

93 

28 80 

120 

3701 

147 

45 42 

174 

53 95 

94 

29 10 

121 

37 32 

148 

45 73 

175 

54 27 

95 

29 40 

122 

3783 

149 

4805 

176 

54 59 

96 

29 71 

123 

3794 

150 

48 36 

177 

54 91 

97 

30 02 

124 

38-25 

15I 

4668 

178 

55 23 

98 

30 32 

125 

38.58 

152 

46 99 

179 

55 55 

99 

30 63 

126 

3887 

153 

4730 

180 

55 87 

100 

3093 

127 

3918 

154 

47.82 

181 

58 19 

lOI 

, 31 24 

128 

3949 

155 

47 93 

182 

5851 

102 

31 54 

J29 

3980 

156 

4825 

183 

5883 

103 

31 85 

130 

40 II 

157 

4858 

184 

57 15 

104 

32 IS 

131 

40 42 

158 

4888 

185 

57 47 

105 

3245 

132 

4073. 

159 

49.19 

186 

57 79 





Copper 

mg 

Cane- 
sugar 
Per cent 

Copper 

mg 

Cane- 
sugar 
Per cent 

Copper 

mg 

Cane- 
sugar 
Per cent 

Copper 

mg 

( 

£ 

P€ 

187 

58.11 

2oy 

6458 

227 

71 19 

247 

7 

188 

58.43 

20S 

64.91 

228 

71.53 

248 

7 

1S9 

5875 

209 

6s 23 

229 

71 86 

249 

7 

190 

59^07 

2 TO 

65.56 

230 

72 19 

250 

7 - 

191 

59.39 

2 II 

6589 

231 

72.52 

251 

7 ' 

192 

5972 

212 

66.22 

232 

728s 

252 

7 ' 

193 

60 04 

213 

66.55 

233 

73 18 

253 

7 * 

194 

60.36 

214 

66 88 

234 

73.51 

254 

8c 

195 

60 69 

215 

67 21 

235 

7385 

255 

8c 

196 

61 01 

216 

67 55 

236 

74 18 

256 

8c 

197 

61.33 

217 

6788 

237 

7451 

! 257 

8] 

198 

61 65 

218 

68 2T 

23S 

7484 

' 258 

81 

199 

61.98 

219 

6854 

239 

75 f 7 

259 

81 

200 

62 30 

220 

6887 

240 

75 50 

260 

82 

20 r 

6263 

221 

69 20 

241 

75 83 

261 

82 

202 

6295 

222 

6953 

242 

7617 

262 

82 

203 

63.28 

223 

6987 

243 

7651 

263 

83 

204 

63.60 

1 224 

70 20 

244 

76.84 

264 

83 

205 

6393 

225 

7053 

245 

77 18 

265 

83 

206 

64 26 

226 

70 86 

246 

77.51 

266 

84 


In the calculation of the quotient, fractions below whole tenth, 
neglected 


Example. 25 cc. of the inverted sugar sirup = 0.1628 gram of 
stance, gave on reduction 171 mg. of copper; this corresponds to ^ 
or rounded off 52 9 per cent, of sugar. Assuming that the sirup she 
75 6 Bnx, Its quotient is 69.97, or rounded, 69 9. 


b. Sirups containing starch sugar 
With sirups containing starch sugar m order to obtain the total s 
content, the plan must be adopted, as mentioned above, of adding tc 
polarization the invert sugar, which is to be calculated from the redu 
action of the sirup on Fehling’s solution 


In the determination of the invert sugar in this case, a prelimu 
test must be made to learn how much substance may be weighed ou 
the Fehling solution would not be sufficient for the lo grams nsu 
taken. This is most conveniently done by dissolving lo grams of siru 
m^e 100 cc , and adding different amounts to several portion 
Fehhng’s solution of 5 cc each in as many test-tubes, to one See 
another 6 cc , to another 4 cc,, and to the last 2 cc On boiling now 
first test-tube which is not decolorized shows the amount to be taken, 
for example, reduction is not complete in the tube with 6 cc. of the s 
tion, then 6 grams is the amount of sirup to be weighed out for 
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analysis The right amount of substance is dissolved in 50 cc* of water, 
mixed with 50 cc of Fehling’s solution without previous clarification with 
lead acetate, boiled two minutes and then treated in the usual manner for 
the determination of invert sugar in solid sugar The amount of invert 
sugar is calculated as follows 

Let 

PoL = the polanzation of the substance, 

p = the amount of substance taken for determination of invert 
sugar, which yields Cu grams of copper 

Cu 

The amount of invert sugar may be taken approximately as — , and 
may be represented by A We find then from the proportion, 

for B the amount of invert sugar which is present in 100 parts of cane- 
sugar + invert sugar 

The percentage amount of invert sugar in the substance is given by 
the formula 

Cu 

X invert sugar, 

P 

in which ^ IS the amount of substance taken, and F Si, factor from the 
table below 

In this table the columns and lines are used, the designations of which 
come the nearest to the values found for A and B , at the intersecting 
point, the factor F is given ^ 


oif Factors to bb Tak^n ror thk Cai:,cui;ation of Invert 



31 
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Example Assume that the polarization of the simp is 86 4, am 
for 3 256 grams of substance taken (/), the amount of copper found 
is 0.290, then 

^ - (-« + - 

2.958 0 145 ^ 100 

therefore, = 4 9 


The nearest value in the table to = o 145 is 150 mg , the numi 
IS the nearest to 4.9, the invert sugar in 100 parts of total sugar , a 
point of intersection of the line 5 with the column headed 150 mg 

Cu 

find the factor 51.2. If this js substituted m the formula — X w 

P 


O 2QO 

tain ^ X 51*2 = 4 56 per cent of invert sugar. Then the ii 

sugar is calculated to cane-sugar by subtraction of V201 and the resul 
tamed (4 56 — 0 23 — 4.33) added to that for the polarization. I 
the sum and the Brix degrees the quotient is found in the usual way 


2. Deiermtnation of the Quotient tn Strups to be Examtned for 
Raffinose 

After the value in Brix degrees for the sirup in question has been fc 
by the method of section I, the sugar content in the same is found i 
the direct polarization (P), and the polarization at 20°, or at a temj 
ture very close to this and properly corrected, after inversion (/), bj 
of the following formula : 


5(Sugar)=>^iH4|_£ 

If the amount of raffinose is to be found in addition, this fonnu 
used 


JH (Raffinose) = 

The inversion is to be made in the manner described in sectio 
under a. 


Example For a sirup showing 85 6° Brix, 76.6° direct polarization 
— 3.0® polarization after inversion (for the whole normal weight"), 
amount of sugar is found as 


05124X766 + 3 

0839 

and the quotient is 58.8. 


= 50.4 per cent., 


IIj Determination of the Amount of Saccharose in Crystal Sugar i 
posed to Contain Raffinose 

The determination of the saccharose content of crystal sugar coni 
ing raffinose is made as for sirups containing raffinose, according to 
directions m I, 2 

Only such sugars shall be considered as containing raffinose in w 
the difference between the saccharose content by direct polarization 


} 
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that found by application of the raffinose formula is more than i per cent, 
for sugars of class or more than 0.6 per cent, for sugars of classes b 
and because smaller differences may be found in raffinose free sugars 
at times, and possibly may be results of errors of observation. 

With differences of i per cent or 0.6 per cent or less, in the two 
classes, the result of the direct polarization is to be taken then as show- 
ing the real saccharose content of the sugar tested If the polarization is 
below 90, a further test is unnecessary 

In the statement of the final result, fractions below whole tenths are to 
be dropped. I^or example, a sugar content of 97 19 is to be rounded off 
to 97 I. 

Final Provtston 

A written certificate must be made out for each investigation and filed 
with the office sending the sample in question. Besides an accurate 
descnption of the sample this certificate must contain 

I. In determining the quotient of sirups * 

1 In the cases descnbed under a at the beginning : 

the specific gravity, the Brix degrees calculated from this, the 
direct polarization, and the quotient calculated. 

2 In the cases given under b . 

the result of the test for invert sugar, the specific gravity, 
the Brix degrees calculated from this, the direct polarization ; 
further, in case a quotient below 70 is found from these data, 
either a statement of why a test has not been made for starch 
sugar, or the result of such a test with figures for the polarization 
found after inversion , further, with reference to sirups free from 
starch sugar the amount of copper and the calculated sugar con- 
tent, and for sirups containing starch sugar the amount of copper 
found, the invert sugar content corresponding to this, the total 
sugar content (polarization + invert sugar), and finally the 
calculated quotient, 

3 In the cases falling under c above 

the result of the test for invert sugar, as far as this is necessary, 
and then, in case the application of the raffinose formula is per- 
missible, the specific gravity, the Brix degrees calculated from 
tins, the direct polarization, the polarization after inversion, the 
sugar content calculated from these data by aid of the raffinose 
formula, and the quotient ; otherwise, the data given under 2 
above 

II. In determining the saccharose content of crystal sugar supposed to 
contain raffinose ; 

in case the polarization falls below 90, this only, but otherwise, 
in addition the polarization after inversion, the sugar content 
calculated by the raffinose formula, and then the resultant 
saccharose in per cent as required by the regulations 
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Appei 

DIRECTIONS 

for finding the amount of sugar in saccharine products 
According to §3 of the rules for carrying out the provisions of 
the sugar tax law, a rebate of the sugar tax for saccharine manufac 
products, except in the case of caramels containing starch sugar, c 
allowed only when they are made without the use of honey or s 
sugar While the fact of not using honey may be established b 
factory control and the factory production books, the absence of £ 
sugar is to be determined by chemical tests of the products of the fai 
These mvestigatLons are to be made according to the directions in se 
I of Appendix C of the Rules of Procedure, but with this provision 
in saccharine factory products the presence of starch sugar is to 
sumed when the left-hand rotation after inversion of the solution U 
or less, for every 100 parts found in the direct polarization 
The saccharose content of starch sugar-free saccharine factory 
nets is to be established by different means, according as they co 
less than 2 per cent , or 2 per cent or more of invert sugar In c 
quence, the test of the product for invert sugar is to be made acco 
to section i, of Appendix B, but with the variation that the sugar 
tion to be boiled with the Pehling solution shall correspond, not 
grams of substance, but to 10 per cent polarization. 

Of sacchanne products which contain less than 2 per cent, of 1 
sugar, the saccharose content will he found according to the Cl 
method, in which the inversion is to be made exactly as given 1 
directions of section i under a in Appendix C, and from the sum o 
two polarizations (before and after inversion) the saccharose con ten. 
he found by the formula 

100s 

142.66 — r 

in which S is the amount of sugar, s the sum of the two polariza 
for the normal weight, and t the temperature at which the polariza 
were made The constant (C) 142 66 assumes the use of the hah 
mal weight (13 024 grams) of sugar in the observation, and is to I 
placed by different numbers corresponding to the amount of subsl 
taken for inversion These numbers are given by the following tab 


For grams sugar 
in 100 c c 

For C to be 
taken 

For grams sugar 
m 100 cc 

For Cto be 
taken 

I 

141-85 

II 

142 52 

2 

141.91 

12 

142 59 

3 

1 141 98 

13 

142.66 

4 

142 05 

14 

142 73 

5 

142 72 

15 

142 79 

6 

142 18 

16 

142 86 

7 

142 25 

A 7 

142.93 

8 

142 32 

18 

743 00 

9 

142 39 

19 

143*07 

10 

142 46 

20 

143 13 
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If there is found, for example, a direct polarization of + 30 in a 200 
tntn. tube for a solution of the normal weight dissolved to 200 cc , the 
•calculated direct rotation of the inverted solution containing 75 cc. of the 
original must be + 22.5. As 100 polarization corresponds to 26 048 grams 
of substance, 5.86 grams, or rounded off, 6 grams of substance would cor- 
respond to the -j- 22 5° ; according to the table, then, the constant 142 18 
is to be applied. Assuming then, that a left-hand rotation of — 7.1® is 
observed at 20®, this corresponds for the half normal weight to 

— =: — 9.47®, and for the whole normal weight to — 18.94®. 

75 

As the direct polarization for the whole normal weight is + 60, the sugar 

•content is calculated as 100 X — = 59 72 or, rounded, 59 7 per 

cent., lower fractions than whole tenths being disregarded. 

The sugar content of such products as contain 2 per cent or more of 
invert sugar is to be determined by the copper method given in section 
I of Appendix C of the Rules of Procedure. A portion of the sugar solu- 
tion is inverted as there explained and the amount of substance to be em- 
ployed determined as in the case of finding the invert sugar in products 
containing starch sugar, and then the properly made solution is boiled 
three minutes with Fehlmg’s solution The amount of saccharose cor- 
responding to the copper found is given in the following table 

POR a?HE CAECUEATION OF CANS SUGAR CORRESPONDING TO 

Invert Sugar prom Amount of Reduced Copper 
After Three Minutes’ Boieing 


Copper 

mg 

Cane- 

sugar 

mg 

Copper 

mg 

Cane- 

sugar 

mg 

79 

40.0 

96 

483 

80 

40.5 

97 

488 

81 

41.0 

98 

49-3 

82 

41.5 

99 

49.8 

83 

42 0 

100 

S0.3 

84 

42.5 

lOI 

50.8 

85 

42.9 

102 

51.3 

86 

43-4 

103 

SI.8 

87 

43-9 

104 

Sa.S 

88 

44.4 

105 

52.8 

89 

44-9 

106 

53-3 

90 

45 4 

107 

53.8 

91 

45-9 

108 

S4-3 

92 

46.4 

109 

548 

93 

46.8 

no 

55 3 

94 

47-3 

III 

55.8 

95 

47.8 

II2 

56.3 


Copper 

mg 

Cane- 

sugar 

mg 

Copper 

mg 

Cane- 

sugar 

mg 

113 

56 8 

130 

653 

II4 

57.3 

131 

658 

115 

57 8 

132 

663 

n6 

583 

133 

66.8 

H 7 

588 

134 

67*3 

118 

59 3 

135 

678 

119 

59-8 

136 

68.3 

120 

60.2 

137 

68 8 

121 

60.7 

138 

69.4 

122 

6 x .2 

139 

69.9 

123 

61 7 

140 

704 

124 

62.2 

141 

70.9 

125 

62.8 

142 

71.4 

126 

63.3 

143 

71.9 

X27 

63.8 

144 

72.4 

128 

64.3 

145 

72.9 

129 

64.8 

146 

734 
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The percentage amount of saccharose is calculated from this, and t) 
the total sugar content is expressed as saccharose and given in term« 
per cent of the substance 

With reference to the preparation of solutions of the substance it n 
be remarked that, as in the case of digestion methods of beet testing 
IS in general not allowable to fill up a flask with the solid substai 
(chocolates, etc.) and water to the mark, because the error caused by 1 
insoluble parts of the solid would be too great As a rule, therefore, 1 
solution is to be made up to a definite volume only after filtration a 
washing out of the residue. 

With reference to the investigation of saccharine products, on whi 
rebate is allowable, the following details may be pointed out : 
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A. Chocolates 

It IS convenient to moisten the normal weight with alcohol to facilitate 
the subsequent wetting with water, and then to add about 30 cc. of water 
and warm ten to fifteen minutes on the water-bath. The liquid is next 
filtered hot, and may run through turbid without harm ; the residue is 
washed with hot water. After treatment with about 10 cc. of basic lead 
acetate the filtrate is allowed to stand a quarter of an hour, then clarified 
with alum and a few drops of alumina cream, and finally made up to a 
proper volume, about 200 cc. 

B. Confectioner^a Wares 

a. Caramels {bonbons^ bolijes) with excephon of gum drops^ which are 

not rebatable 

With regard to such caramels as are declared by the manufacturer to 
contain starch sugar, it must be determined by tests that they show at 
least 80® of + rotation and 50 per cent of saccharose by the Clerget pro- 
cess Otherwise they must be considered as not entitled to rebate 
Caramels which are declared as free from starch sugar, must be tested 
for this If no starch sugar is found the further investigation is made as 
with white sugar candies. 

b Dragtes {^sugar-coated seeds and nuts with addition of flour) 
Dragees are extracted as are chocolates They nearly always contain 
invert sugar, 

c. White sugar candies {sugar with addition of ethereal oils or coloring- 

matter) 

The solid residue may be neglected The normal weight is, therefore, 
filled directly into a loo cc flask, water a^ded to the mark after solution, 
and the filtration performed afterwards. 

d Porous products {mixtures of sugar with some binding substance as 
white of egg, with addition of a flavor or remedial agent) 

The usually very small amount of binding material (white of egg, gela- 
tin, gum arable, tragacanth or glue) is to be removed by basic lead acetate 
or alumina 

The santonin lozenges, which are classed among the porous products, 
contain sodium santoninate. The addition of basic lead acetate is neces- 
sary to remove the santoninic acid 

e Dessert bonbons {creams, etc , made of sugar and enclosed fruits or 
marmalade, etc.) 

The sample is dissolved in water. If but little residue remains it may 
be made up to the mark directly , otherwise it is necessary to filter first. 

f Marchpane mass and marchpane cakes {sugar with crushed almonds) 
The material is conveniently rubbed up with cold water in a porcelain 
dish and clarified before filtration with much alumina cream. As a rule 
marchpane is free from invert sugar. 



g* Cakes and simxlar bakers^ wares 
The sugar is extracted with, alcohol of 85 to 90 per cent. Aft 
oration of the alcohol the filtrate is tested, 
h. Sugar-coated tropical ornative frutis, glacS or candied ; fru 
served in sugar solutions {marmalades^ pastes^ compotes^ jel 
If the material is solid, special pains must be taken in the prei 
of an averge sample of homogeneous composition ; as for exam 
warming and stirring. The sugar is extracted as for^ above. As 
invert sugar is present 

C. Alcoholic Liquors Containmg Sugar 
The alcohol does not interfere with the direct polarization , but 
he evaporated before the inversion polarization 

D. Liquid Refined Sugar 

Liquid refined sugar contains invert sugar as a rule The test 
limited to determining that there is a total sugar content of at ] 
per cent 

Final Provision 

A written certificate fur each investigation must be handed to th 
which submitted the sample, and this must contain, besides at 
description of the sample, data on the methods and results of tt 
carried out, and the percentage amount of sugar calculated from tl 

II. Determination of Milk-Sugar 
178.' The specific rotation of crystallized milk-s 
CiaHjgOii + HjO, was found by Schmoeger^ for solutionf 
taining from o to 36 per cent, to be, at 20®, 

= 52 53 constant 

Exactly the same value was found by Parcus and Toj 
at 20° for solutions having a concentration of 4.8 to 7.1 g 
in 100 cc. Schmoeger found also that in the neighborho( 
20° the above value of the specific rotation is decreased c 
for each degree of increase in temperature 

As already shown in §72, crystallized milk-sugar exh 
birotation immediately after solution which, however, ma 
rapidly changed to the constant rotation by heating to i 
On the other hand, the sugar dehydrated at 100° exhi 
after solution in cold water, at the outset a lower rotation 1 
the normal. This is easily changed also to the normal rota 
by heating. 

1 Ber d chem Ges , 13, 1922 (rSSo) 

- Parcus and ToUens Ann Chem (Ln^big), 357, 160 (1S90) 



For tlie determination of milk-sugar with instruments gradu- 
ated in angular degrees we have 


therefore • 


Ms 


looa 

Ic 


52.53; 


1.9037 -J) 

and by use of a 200 mm. tube, with sodium light, at 20°, 

^ = 0.9518 ot, 

or with the use of a tube 190.37 mm, in length, 


c= a. 

If the problem is to test a substance as to its content of milk- 
sugar in an instrument with the Ventzke scale, it is best to dis- 
solve that weight in a 100 cc flask, which, if it were pure 
milk-sugar, would polarize 100°. This freight is found from 
the proportion 

X * 26.048 : . 66.50 : 52.72^ 

= 32.856. 

By taking 32 856 grams of substance, each degree would 
then correspond to i per cent, of milk-sugar If a solution is 
to be examined and it is required to find the concentration of 
the milk-sugar in it, it is to be observed that a polarization of 
1° V. corresponds to a concentration of o 32856 gram of milk- 
sugar in 100 Mohr units of volume at 17.5°. Using a 200 
mm, tube, 

c = 0.32856 Pol 

Exactly the same value is reached from the basis of the 
observation'* that one Ventzke degree for milk-sugar is equal 
to o. 3452 arcular degrees, with sodium light. As o. 95 1 8 a, 

we have also 

c = 0.9518 X 0.3452 Pol, 
or 

c = 0.32856 PoL 

179. The Determination of Sugar in Milk is carried out, accord- 
ing to Schmoeger,® in this way : 

1 This IS the specific rotation of milk-sugar at 17,5*^. 

2 lyandolt “ Ueber polanmetnsch-chemische Analyse,'* Ber d chem Ges , ai, 
19X (1888) 

* Ber d milchwirthschaftl Instituts zn Proskau, 1883-4 



1. According to Hoppe-Seyler, 50 cc. of milk is boiled wit 
25 cc. of a 20 to 25 per cent, lead acetate solution, to the sti 
warm liquid, 5 cc. of a 10 per cent, alum solution is added, an 
then the mixture is cooled, filled up to 100 cc. and filtered 
The volume of the precipitate is in the mean 3 cc., and is t 
be taken into consideration, 

2. loo cc. of milk is coagulated by addition of 6 cc of loto i, 
per cent, acetic acid and after standing half an hour is filtered 
A slight turbidity from fat globules does no harm. 50 cc. o 
the filtrate is heated to boiling with 3 to 4 cc. of basic leac 
acetate solution (sp. gr. 1.2), and, after cooling, water is addec 
to make up for loss on evaporation The liquid is then filtered, 

3 100 cc. of milk IS coagulated as before or by addition of 
6 cc. of 10 to 15 per cent, sulphuric acid, but instead of sepa- 
rating the proteids by basic lead acetate, 50 cc, of the filtrate 
is treated in the cold with 5 cc, of commercial phosphotungstic 
acid, then filtered and polarized. The result must be multi- 
plied by 1. 1. 

As in methods 2 and 3, the volume of the precipitate is 
taken as 6 cc., in the mean ; it is advisable to add just 6 cc of 
acid for coagulation, because then the concentration of the 
milk-sugar in the filtrate (whey) will be exactly the same 
as in the original milk. Besides, in methods 2 and 3, the dis- 
advantageous dilution of the liquid containing the milk-sugar 
to the double volume is avoided 

A comparison of the three processes led to the conclusion 
that method 3 gives about 0.15 per cent, higher values than 
method 2, and that this in turn gives again 0.15 percent 
higher results than method i. Schmoeger traces these differ- 
ences to this, that in mixing the milk with the lead solution, 
milk-sugar, or possibly some other right-rotating substance 
not clearly known, is thrown out of solution. This is certainly 
the case when, after using an excess of lead solution, the fil- 
trate is alkaline. Schmoeger is, therefore, of the opinion that 
the third method gives correct results, possibly a few hun- 
dredths too high. 

But, on the other hand, tht results obtained by method i 
agree very closely with the gravimetnc analyses according to 
Tollens, and those by method 2 with the gravimetric analyses 



according to Soxhlet with fair accuracy. It is not possible, 
therefore, to give a final decision as to which is the more accu- 
rate procedure. An advantage in the polarimetric method 
over the gravimetric is found in the greater rapidity and con- 
venience with which it may be carried out. 

III. Determination of Glucose (Dextrose, Grape-Sugar) (Crystal- 
lized CeH„0e + H,0) 

i8o. Tollens^ has given this formula showing the dependence 
of the specific rotation of dextrose anhydride on the per- 
centage strength of the solution , 

[ar]^ = 52 50 + o 0188 >40 000517 
From this we have for * 



5 

10 

15 

20 

25 

30 

[a]- 

52.61 

52 74 

52.90 

53 08 

53‘29 

53 53 


35 

40 

45 

50 

55 

60 

[“] = 

53 79 

54 08 

54.39 

54.73 

55 10 

55 49 


The specific rotation increases then appreciably with the 
concentration. But for solutions up to 15 per cent, strength, 
without very great error, [«] can be taken as equal to 52 80. If 


we substitute this value in the equation [a] 


this for- 


mula follows for calculating the percentage strength from the 
observed angle o', 

and using a 2 dm. tube, 

(i) / = 0.947 4- 


If not the percentage strength but the concentration of the solu- 
tion is to be found, that is, the number of grams of sugar in loo 
cc. of solution, then this formula may be transformed into 
the simpler one, 

(2) 0.947 or. 

The error made by neglecting the variation of the specific 
rotation with the strength of solution reaches then in the most 
unfavorable case 0.03 per cent., assuming that the observed 
angle of rotation or is measured at 20° with use of sodium 
light. 

1 Tollensj Bcr.'d chem Ges, 17, 2238 (1884) 






For greater concentrations (15 to 50 per cent,) Laudolt^ has 
calculated the following formula, for finding the percentage 
strength, from the observations of Tollens : 

(3) p = 0,9480:-^ 0.0032 a\ 

where at is the rotation for a 2 dm, tube. 

Dextrose may be determined by use of the Ventzke sac- 
charimeter also, since, according to the observations of Hoppe- 
Seyler,*'* its rotation dispersion is very nearly the same as that 
of quartz It has been found by direct experiments® that for 
dextrose, i ° V. = 0.3448 dz o 0008 circular degrees (Na light). 
If we represent by jPo/. the number of Ventzke degrees read 
off for a 2 dm. tube at 20®, the formulas just developed may 
be transformed into these • 

Pol 

(I) /== 0,3265-^ [^ = otoi5] 

(II) € = 0.3265 Pol [ ^ = o to 16] 

III) p =r 0.3269 Pol — O 000 381 PoP Ip — O to 50] 

Thus, for example, a grape-sugar solution which .shows a 

rotation of 34.48° in an instrument with circular degrees must 
polarize exactly 100 in the Ventzke saccharimeter. We have 
by Formula (3), 

p = 0.948 X 34. 4^ — 0.0032 X 34.48^ = 28 88 per cent., 
and likewise by Formula (III), 

p — 0.3269 X 100 — o 000381 X 100* = 28.88 per cent. 
But, nevertheless, one cannot expect as accurate results 
from the saccharimeter as from the instrument with circular 
degrees, because the value of a circular degree in sacchanmeter 
degrees might not be the same for all instruments and all solu- 
tions. 

For this reason, and because the specific rotation of dextrose 
is dependent on the temperature aud concentration, a normal 
weight cannot be definitely fixed, which may be dissolved to 
make 100 Mohr cc. and give directly, in the saccharimeter, 
the percentage strength of dextrose in the dissolved substance. 
But, however, for most practical needs, sufficiently accurate 
values may be derived from the following considerations 

1 lyandolt . Ber. d. chem Oes , ai, 199 (1888) 

2 See I^andolt ai, X94 (1888) 

® Ztschr anal Chem , 5, 41a (1S66) 
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?or dilute solutions we have above, 


c = o 3265 X Pol, 

Pol = ^^±—. 

0.3265 

‘cordingly, a liquid which contains 32.65 grams of dextrose 
100 cc. must be able to polarize 100^ V But as the Mohr 
it of volume is related to the cubic centimeter as 
30234 I, then to secure the same concentration in a Mohr 
o cc, flask there must be weighed out, in vacuo, 32.65 X 
30234 = 32.73 grams of the substance containing dextrose 
32 71 grams in air with brass weights 
Also, we obtain the normal weight of dextrose, N, when 
2 multiply the normal weight of saccharose, 26.048, by the 
lation of their specific rotations We obtain in this way • 


66 47 

For 5 per cent solutions . iV = 26 048 X ~ = 32 91 grams. 

For 15 per cent solutions . N ^ 26.048 X = 32 75 grams 

For 25 per cent solutions TV' = 26 048 X "=== 32.50 grams 


The normal weight varies, therefore, for solutions practically 
le most used, containing o to 25 per cent of dextrose, be- 
veen 32.9 and 32.5 grams. In weighing out a dextrose sub- 
tance then, one must take into consideration whether it con- 
lins much or little of the sugar The normal weight derived 
bove for dilute solutions, 32.71 grams, would hold, accord- 
Qg to the last calculation, for solutions containing from 17 to 
8 per cent, of dextrose 

If the amount of dextrole hydrate, instead of that of the 
Luhydnde, is desired the result must be multiplied by the re- 

T oft 

ation of the two molecular weights ^ 

Finally, it must be remembered that solid dextrose dissolved 
in water exhibits birotation, which is destroyed by allowing 
Jie solution to stand twenty-four hours, or by warming. 


181. The Determination of Dextrose in Diabetic Urine may be ad- 
vantageously made when the amount present is more than 
about 0.2 gram in 100 cc. With smaller amounts, or where 
the greatest accuracy is desired, as in normal urines or in phys- 
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lological investigations, the chemical methods of determination 
yield more reliable results. It must first be seen whether or 
not the color of the urine will permit a direct polarization, 
using if necessary, a tube only loo mm. long, or after diluting 
to the double volume. If the urine is not perfectly clear it 
should be filtered as quickly as possible through soft filter- 
paper. If the urine is too dark, loocc, should be precipitated 
by 10 cc. of basic lead acetate solution, and the filtrate tested, 
or It may be shaken in a flask with some blood-charcoal and 
then filtered. In the first case, the result of the polarization 
must be multiplied by i.i on account of the dilution. But in 
both cases, a part of the grape-sugar may be removed from the 
urine , at least this has been shown after application of basic 
lead acetate, and it may be assumed for the charcoal from the 
experience gathered in the clarification of dark sugar sirups. 
These errors may be eliminated by making a parallel experi- 
ment with like quantities of clarification agents and normal 
urines whose sugar content is brought to that of the urine 
under investigation, and which is polarized before and after 
application of the clearing agent. 

If the diabetic urine contains albuminous substances they 
may, on account of their left rotation, make the sugar content 
appear much too low, and it is, therefore, necessary to remove 
them loo cc of urine is heated in a dish to boiling and then 
enough dilute acetic acid is added to give an acid reaction and 
throw down the albumin as a flocculent precipitate Then 
the liquid is filtered, the filter washed, and the filtrate made up 
to loo cc Or a measured volume of urine is acidified with 
acetic acid and then enough concentrated sodium sulphate 
solution added to bring the volume to double the original. If 
the liquid is now heated, the albumin separates completely and 
may be filtered off. 

Bile acids, which have a right-hand rotation, are not present 
in urine in amount sufficient to cause an error in the above 
process. 

The fact that the albumin in urine rotates the plane of polari-- 
zation to the left very nearly as much as grape-sugar does to 
the right, furnishes us with a very convenient means of deter- 
mining the amount of albumin in urine polarimetrically If 
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polarization of the urine be observed at the same tempera- 
i (17.5°) before and after precipitation of the albumin, and 
he same degree of concentration, we obtain from the dif- 
;nce, D, of the two readings, with a 2 dm. tube, th^ 
ount of albumin, Al, in the liquid, from the formula de- 
id above for the determination of the grape-sugar content 
dilute solutions . 

Al = 0.947 

The firm of Schmidt and Haensch makes a half-shadow in- 
ument with circular degrees on thelyaurent system (§11 1 to 
13) for urine analysis A sodium flame serves forillumina- 
n In order to avoid the necessity of calculating the sugar or 
Dumin content from the rotation read off in circular degrees, 
cording to the above equation, tubes of 188.6 and 94.3 mm. in 
agth (better 189.4 and 94 7) are furnished with the instru- 
ent, the shorter one for dark liquids, which lengths are so 
losen that 1° or 2° of polarization corresponds exactly to i 
ram of grape-sugar in 100 cc. of the liquid analyzed 
The same firm makes also half-shadow instruments with 
'edge-compensation for urine analysis, permitting the use of 
hi te light (§i33-§i34), the scale of which is so arranged that 
y employing a 2 dm. tube, the amount of grape-sugar in 100 
c, may be read off directly The vernier reads to Vio cent 
IV. Determination of Maltose 
(Crystallized CiaHgaOi, + Hp. Right-rotating) 

182. MeissP gives the following formula for the dependence 
)f the specific rotation on the percentage strength and the tem- 
perature t, 

[aYo — 140.37 — o 0184/ — o 095 t, 
which holds good for / = 5 to 35 and t = 15° to 35°. We 
have from this, when t=- 20°, for 

P — S 10 15 20 25 30 35 

[a;]^ = i38 38 13829 13820 13811 13802 13792 13782 

Parens and Tollens* fonnd a somewhat lower valne for the 
specific rotation from a concentration of 10 grams in 100 cc. at 
20°, 

[a]” = 136.85 to 136 96, 

1 J prakt Cliem , [2J 35, 114 (1882) 

2 Parcusaiidrollen : Ann Chem (I^iebig), 3S7» 160 (1890) 



while for this concentration the specific rotation according tc 
Meissl is 138.3, 

For the practical determination of maltose by the optical 
method a mean value of 

[«]*=- 137-5 

may be considered as sufficiently exact. Then at 20“, 

100 Ot 

^ 37-5 = TTc' 

a 

^= 0 7273 y-, 

and by the use of a 2 dm. tube at 20®, 

^ == o 3636 a, 

Meissl gives this formula for the temperature of 17.5° . 
c = 0.362 a 

As freshly prepared solutions show a rotation which is too 
low, they must be warmed before polarization .or allowed to 
stand some hours. 

V. Determination of G-alactose 
( CftHijOg. Right-rotating. ) 

183. According to MeissP the change in the specific rotation 
with the percentage strength and the temperature is given by 
the formula, 

[or] = 83.88 + 0.0785 p — 0,209 
in which = 5 to 35 per cent., ^ = 10 to 30°. 

According to Rindell,^ 

[a]/? = 83.04 + o. 199 ^ — (o 276 — 0.0025 p^i, 
for = 12 to 20 per cent., / = 4° to 40®. 

If we take t = 20®, we have then for 
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15 

20 
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35 

[cc]^ Meissl 

So. 10 

80 49 

80.88 

83.27 

8X.66 

82 06 

82 45 

[ays Rindell 


80 or 

81 25 

82.50 




[alS Kent and 

Tollens’ 

f 807 
1814 

81.7 






[«]S Parcus and Tollens* 8033 

1 J, prakt, Chem , [2], aa, 97 (1880} 

2 Rindell Ztschr Riibenzucker-Ind , 30, 163 (2880). 

5 * Ihtd , 35, 36 (1885) 

* Pareus and Tollens Ann Chem (l^iebig), 2157, 160 (1890) 



AjJ 3 ,xj 3 ,Js.m.xnAJL±USS UJtf L.AJXLJt'UUK 


497 


For solutions with o to 15 per cent.» and possibly even to 20 
er cent., we may take, therefore, the Meissl value of 80. $S 
Dr = 15 as the mean specific rotation of galactose at 20°. 
^'rom this there follows : 

c=^ 1.22,6 -j, 
nd for a 2 dm, tube at 20®, 

c = 0.618 a. 

Freshly dissolved galactose also exhibits birotation, which 
t the ordinary temperature reverts to the normal rotation after 
lapse of six hours. 

VI. Determination of Camphor, 

184. The easy determination of camphor in the optical way 
Las become of greater importance since the introduction of 
rticles made of celluloid, a mixture of nitrocellulose and cam- 
)hor. According to Foerster' the determination of camphor 
n celluloid is made best as follows * 

About 10 grams of celluloid, containing 2 to 3 grams of 
amphor, is saponified with four times its weight of xo per 
•ent. sodium hydroxide solution until all has dissolved, and 
he mixture is then diluted to 250 cc. Of this, 120 to 150 cc. 
s distilled off, the camphor, in vapor, passing over completely 
/vith the steam. To the distillate, collected in a graduated 
eceiver, 25 to 30 cc. of benzene is added and the mixture well 
haken ; the volume of the benzene, which dissolves the cam- 
Dhor, is read off and a part is then taken for polarization at 20"*. 

The author carried out special tests to determine the rota- 
ion of camphor in benzene, and as a standard he used pure 
camphor with melting-point at 178.7°, which had been re- 
crystallized several times from 50 per cent, alcohol. Solutions 
ip to the concentration of 40 grams of camphor in 100 cc, 
y 20/j were tested at 20° and with sodium light. The specific 
"otation as dependent on the concentration may be expressed 
Dy this formula : 

(I) MS = 39.755 + 0.1725 

From this the concentration c may be calculated as a function 
□f the angle of rotation oc : 

1 Ber. d, chem Ges , 33, 2981 (1890) 

32 
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(II) c= 115 205^— I +-^1 + 0.04367" ] 

From the observations themselves, the following direct re 
lation between concentration and rotation may be derived : 

(HI) ^ = 24683 — — 0.01747 [j- ) 

This formula was calculated from the earlier determinations 
of Tandolt,^ showing the specific rotation of camphor in ben- 
zene, 

39^19 + 0.17084/:, 

and from experiments by Fimbach,® the following for concen- 
trations between 10 grams and 53 grams : 

‘ [^]S== 40.21 + 0.13094: + 0.000269 

These two formulas agree closely with that of Foerster. 
Test experiments showed that from 99 to 99.3 per cent, of the 
camphor taken could be found, which, considering the piethod 
of separation used, is a satisfactory result 

In fats and oils also, camphor may be determined by the 
optical process. According to Foerster it is best, in such casCvS, 
to first distil the camphor from the substance under investi- 
gation by aid of a current of steam. When about 250 cc of 
distillate has been collected in the receiver, this is then used 
as the distillation flask and the rest of the operation is carried 
out as with celluloid. 

If, in place of benzene, alcohol is chosen as the solvent for 
the camphor, the concentration of the solution may be found 
by the following formulas, according to I^andolt :® 

c == 2.36x4-^—0.01158 

or 

f = — 177 53 + ^ 31516.45 + 845.74-^ 

These obtain for concentrations between o and 50 grams in 
100 cc , and for a temperature of 20°, 

yil. Determination of Cinchona Alkaloids 
185. The specific rotation of the cinchona alkaloids and their 

1 X,andolt • Ann. Chem (I^iebig), i8P, 334 (187?) 
a Rimbach Ztsehr phys Chem , 9, 698 (1892) 
a lAndolt Ber. d chem. Ges., 204 (1888). 



St importatixt salts has frequently been the subject of ex- 
ded investigations ; numerous observations have been made 
ecially by Hesse, ^ Oudemans,“ and I^enz,® by which the cou- 
nts of rotation for quinine, hydroquinine, cinchonine, quini- 
e, and cinchonidine have been determined with such accu- 
y that they may be used in testing other preparations as to 
ir purity, or in finding the composition of mixtures 
^ith all these alkaloids, the specific rotation varies in 
rked degree with the nature of the solvent, and moreover 
s smaller, the greater the concentration and the higher the 
aperature. Hesse measured the rotation of solutions which 
itained from i to lo grams of substance in loo cc., accord- 
; to the degree of solubility As solvents, alcohol of 97 
ume per cent, was used for the pure alkaloids, and either 
re water or dilute hydrochloric or sulphuric acid of known 
ength for the salts. I<enz employed as a solvent a mixture 

2 volumes of chloroform and i volume of 97 per cent, 
ohol, and determined the specific rotation in solutions of i 

3 per cent strength 

Notwithstanding these fundamental investigations, no 
‘thod is yet known by which the alkaloids in extracts of 
ichona bark or in the quinine of commerce may be found by 
s optical process. This is due partly to the fact, already re- 
red to, that the specific rotation is m a large measure de- 
ndent on the external conditions under which the solutions 
question must be tested, and partly to this, that the optical 
alysis of a mixture of several active substances cannot, in 
neral, be made with accuracy, and even when only two or 
ree are in solution, while in any case the qualitative compo- 
ion of the mixture must be known, which can be determined 
ly by the methods of chemical analysis Finally, this diflEi- 
Ity is met with in the optical determination of the alkaloids 
the extracts from cinchona bark, that these extracts contain 
yellow coloring-matter which cannot be separated alone, and 
e presence of which makes the observation in the polanmeter 
icertain. 

1 Hesse Ann Chem (I^iebig), 176, 203 , i8a, laS 

2 Oudexnans Ibtd,^ i8a, 33 

* I^enz Ztsclir anal Chem., 37, 549 (1888) 
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In suoh investigations, therefore, it is cnstomary to e 
the extraction and separation of the alkaloids by chei 
methods, and then to resort to the optical observations to 
trol the results of the chemical analysis or to test the sepai 
alkaloids as to their purity. 

For the determination of the quantitative composition 
mixture of alkaloids, the specific rotation may be employe 
all those cases where the analysis of a mixture of two kn 
aiVflir.i>1s only is involved The following conditions t 
obtain : 

Of the mixture of two alkaloids, c grams is weighed 
dissolved to make 100 cc., and then the angle of rotation 
is found in a tube of I dm. length, from which may be 

cnlated the specific rotation of the mixture, a = If 

mixture contains x per cent, of one alkaloid, whose spec 
rotation is [a],,, andj/ = 100 — a: per cent, of the other c 
stituent with the specific rotation [«],, then 

^ X [«]„ + (100 — x) [a]^ — TOO la] 


and consequently, 


[«] - 


[a] ^ — la] 

y — 100 -7-T 

In this way, it is possible to analyze mixtures of any act] 
substances, provided the specific rotations of the pure si 
stances are known and are not subject to too great variatic 
within the limits of the concentrations employed.^ But, in a 
event, it is advisable to take the concentration of the mixtt 
only as great as appears necessary for the accurate calculati 
of the specific rotation. 

Hesse* has already employed this general method to dete 
mine the amount of cinchonidine sulphate in the commerc: 
quinine sulphate, nearly free from other alkaloids. 

He proceeded in this way, by taking first, of the sulphate 
question, an amount corresponding to 2 grams of the anhydroi 
salt, dissolving in a 25 cc, flask in 10 cc. of normal hydr 


1 See Hesse . Ann Chem (I^iebig), i8j, 146 and 152 , Oudemans • Thtd , iSa, 63, 

2 Hesse Ibid , 305, 217 (1880) 
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aloric acid, and filling to the mark with water at 15° C. 
iter complete solntion and mixing, the liquid was filtered 
ito a 220 mm. jacketed tube and polarized at 15° in a Wild 
olaristrobometer. If a represents the angle of rotation of the 
nhydrous quinine sulphate under these conditions = — 
0.309® was found), and ^ the rotation of the anhydrous dn- 
honidine sulphate (/5 = — 26.598° was observed), and y, 
nally, the angle of rotation of the mixture taken for the 
nalysis, then the amount of cinchonidine sulphate, jy, in the 
nit of weight of the mixture is given by 

_ a-y ^ -- 40-309 — y 
^ a — (i — 13.711 ’ 

labile the amount of the quinine sulphate is 

+ 26.598 

a — P -^13.711 


VlII. Determination of Cocaine 

i86, Tphe specific rotation of cocaine, Cj^HjiNO^, in chloro- 
orm, and of the hydrochloride, C^HajNO^.HCl, in a mixture 
)f 60 parts of absolute alcohol and 90 parts of water, has been 
ietermined by O Antrick.^ He found for a preparation of the 
Dase of the greatest possible purity • 

Ms = 15.827—0.00585 qy 

Ms = — 16 412 + o 00585 p. 

This gives then for 

^ = 5 10 15 20 25 30 

Ms ===“"^^-3^ —16.35 —1632 -1629 —1626 —16.24 

For solutions containing up to 30 per cent, of cocaine, the 
value, Ms = — 16 32, may be taken as the basis of the cal- 
culation of the percentage strength We have 


— 16.32 


100 a 
ipd^ 


P = 


— 6.13 


a 

Id' 


and with use of a 2 dm. tube * 





— 3.06 

I O. Antnck Ber d. chem Ges., ao, 310 (1887) 




Ai'ir'i.XCATIONS OF OPTICAI, ROTA1^ION 

The specific rotation of the hydrochloride of cocaine h 
been even more fully investigated by Antrick. The followii 
formula expresses the results obtained from observations < 
four preparations which in their properties differed but litt 
from each other : 

— 67.982 +0.1583 

this holds for ^ = o to 25, and for true cubic centimeters (d 
It follows then for [ayj with 

c= 5 10 15 20 25 

= —67.19 —6640 — 65.61 —-64.82 —6402 

The change in the specific rotation with the concentratio. 
is here so considerable that it is not possible to make a mea 
value of this rotation the basis of a calculation of the concen 
tration from the observed angle of rotation In the forniuL 

TOO oc 

we have to take for [a] that value from the above series whicl 
comes the nearest to the expected concentration, or we nia> 
make use of the following equation, derived directly from the 
formula for the specific rotation 

(1) c= 214 72 — ^ 46106,8 + 315.86 CK 

which holds for the 2 dm. tube, t == 20°, and ^ = o to 25° 
Finally, the angles of rotation, a = — 13,280'^ and 01 = — 
25927, given by Antrick for the concentration t=ioand 
c = 20, may be employed to express c as directly related to 
the observed angle a The formula for this reads 

(2) c== — 0.7337 Of + o 001454 

which holds for the 2 dm tube within the given limits. 

In using either of these formulas, care must be taken to see 
that a is introduced with the proper sign, that is the negative 
sign. In using polarization tubes of other length than 2 dm. 
the valu^ of the angle read off must be corrected before it is 
substituted in either of the two formulas, which are based on 
observations with 2 dm. tubes. 

The agreement in the results which may be obtained by the 
two formulas is shown in the following table : 
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a. 1 

c 1 

Concentration 
calculated by 
Formula (ij. 

c 

Concentration 
calculated by 
Formula (2) 

Difference 

Cl — 

5 

3 710 

3705 

+ 0.005 

10 

7.485 

7482 

+ 0.003 

15 

11.331 

11.332 

— 0 001 

20 

15 252 

15.256 

—0 004 

25 

19 250 

19.251 1 

— 0 001 

30 

23 333 

23.320 1 

+ 0013 


IX. Determination of Nicotine, 

187, — A new method for the quantitative determination of 
icotine by the polariscope has been devised by M Popo- 
ici/ The extraction of the nicotine from tobacco is best ac- 
omplished by Kissling’s process • 20 to 40 grams of homo- 
,eneous dry tobacco powder is moistened with 10 cc. of a 
Lilute alcoholic sodium hydroxide solution (6 grams of NaOH 
Lissolved in 100 cc. of 57 per cent, alcohol) and extracted 
hree to four hours with ether 111 the Soxhlet apparatus. The 
‘ther extract is treated with 10 cc. of a rather strong solution 
)f phosphomolybdic acid in nitric acid and shaken, by which 
neans the nicotine is thrown down with other bases (mainly 
immonia) in the form of a quickly subsiding precipitate. Then 
he supernatant ether is poured off and enough water is added 
.0 the residue to make a total volume of 50 cc , and finally 8 
yrams of finely powdered barium hydroxide is added. In this 
way the nicotine is obtained as a free bavse in alkaline solution, 
which, after some hours with frequent shaking, is poured off 
from the yellow precipitate, and polarized The following 
table was obtained from experiments with known amounts of 
nicotine 


Gram«» of nicotine in 
50 cc of solution 

Rotation in 2 dm 
tube 

Minutes 

1 Minute of rotation 
coriesponds to 
nicotine in grams 

2 00 

337 

0 00594 

I 75 

298 

0 00588 

I. SO 

258 

0 00582 

I 25 

217 

0.00576 

I 00 

175 

0.00572 

0 75 

133 

0.00564 

050 

89 

0.00562 

0 25 

45 

0.00556 

Popovici* Ztschr physiol. Chem., I3» 445 (1889) 
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If an alcoholic solution of nicotine, containing no other ac 
tive substances, is to be examined the following formula b: 
lyundolt^ may be employed to find the nicotine content : 

(0 / = 3II-58 — -\/97o82 5 — 449.64^, 

which holds for a temperature of 20°, the density and be* 
tween 10 and 90 per cent, of nicotine. 

Further, with reference to the nicotine concentration • 

(2) c~o 704 “ —0.000525 , 

which obtains for 20® and = 10 to 90. 

I Xandolt Ber d. chem. Oes , ai, 203 (1888). 



PART SIXTH 


Constants of Rotation of Active Bodies 


In the following tabulation the data on the specific rotation 
f all active bodies in any degree important have been included 
nd the literature has been fully considered to the middle of 
896. Only a few of the still later observations could be given 
place.* Only such specific rotations have received considera- 
ion for which the data necessary for calculation (density, con- 
‘entration, temperature) were given in the original papers. 

In explanation of the signs employed, see Part First, §§ i 
ind 2 of this book. 


1. Hydrocarbons 

(See also Terpenes and Camphor.) 

Ethylamyl b p, 91®, = o 6895, [a]^, = +3 93° ^ 

60®, = + 6 09° i 

Propylamyl: / = 16®, [ a ] + 6 44® \ + 

==54®, = + 625 ®J 

Isobntylainyl i — 20°, yj = + 5.88® 'I 
= 52°, -- H- 5.66® / 

-21®, ==: + 5.3I®j« 

— 65®, — + 5 20® / 

Diamyl b p 1 59®-! 62®, ^ 0.7463, [a] „ = + 8,69® ^ 

^=21®, = + 1208® 

^-78®, ::=+I 2 06 ®i 

==190, =-1-10.01®” 

These bodies were all made from active amyl iodide. 

1 [In the translation the most important observations to the middle of 1900 have 
been included —Tr J 

s Just . Ann Chem (l^ieblg}, aao, 154. 

8 Welt Compt rend , 119, 743 
* Welt { Zac, cii 
6 Welt Zee ctL 

e Guye and Amaral Arch, sc phys Genfeve, [3], 33, 409 
^ Just; Zee cti 
8 Welt Loc cti 
8 Guye and Amaral : Loc, cti 
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2, Alcohols with One Atom of Oxygen 
I. /-Amye Aecohoe CjjHg.CHg.CH.CHgOH. Commerci 
fermentation alcohol : = — 2° to — 4° for i dm. 

Preparations purified from inactive isomers by Le Bel 
method (repeated treatment with gaseous hydrocyoric aci( 
through which the inactive part is first converted into am: 
chloride and may be separated by distillation) gave • 

ar^;=:— 453° to 4.63° for i dm. = — 5-7° wlie 

/^=o8i.^ = — 5.2, ==o 818, boiling-pomt 128.5° 1 

129° (768 mm),“ 

According to Schiitz and Marckwald,® these preparation 
were not yet pure. 

Derivatives of /-Amyl Alcohol 

Amyl chloride b. p 97 to 99°, = 0.886, C^]/j == -|- 1.24 

Amyl bromide: 117 “ 120°, ^‘ = 1225, “ =-1-35 L 

Amyl iodide ** 144 “145° *‘==1.54, “ + 5 41 J 

Amyl iodide “ 144 146°, i 538 , ** == -j- 4 55'’* 

Add Esters and other Amyl Compounds 
For these bodies, which are all liquid, the following dati 
have been given, and b}’- : 


I Warden/’ Rotation of the amyl alcohol used, = — 4.78 



Boiling>point 

mm 

d 


Amyl acetate 

141-142^ 


08734 

-h 

2 50 

Amyl ^-butyrate 

176 

752 

0.8685 

+ 

2 97 

Amyl 2jo-butyrate 

167-168 

752 

0 8662 

+ 

2 83 

Amyl chloracetate 

I90-191 

. . 

1.0438 

+ 

3 16 

Amyl brom-fi'butyrate 

140 

55 

1.1899 

+ 

2 27 

Amyl brom-to-butyrate. - . . 

129 

50 

1.1851 

+ 

253 

Diamyl ojralate 

260-261 

757 

0,9626 

+ 

4-93 

Diamyl fumarate 

172-173 

21 

0 9760 

+ 

5*69 

Diamyl maleate 

167-168 

21 1 

0.9829 

+ 

4.35 

Diamyl chlorfumarate 

188 

23 

I 0593 

+ 

5*74 

Diamyl chlonualeate 

176 

23 

1.0568 

+ 

4 60 

Diamyl o-phthalate 

232 

43 

1.0315 

+ 

3.88 

Amyl acetic acid 

212-213 

- 

0 9146 

+ 

853 


^ I#e Bel Bull, soc chim , [2], ai, 542 , Com.pt rend , 77, 1021, 
s Rogers J Chem Soc , 63, 1x31 
3 SdaiitK and Marclcwald Ber d, chem Ges , 29, 59. 

^ Ee Bel Ball soc chim , [2], 35, 545 
5 Walden Ztschr, phys Chem , 15, 647. 

<> Ibtd , 15, 642 ff 




derivatives OE l-AMYh AI^COHU^ 




^thyl amylacetate 

Vinyl amylacetate 

Diamyl acetate 

Sthyl diamylacetate 

Vmyl diamylacetate 

Aimyl malonic acid 

Diethyl amylmalonate. - • 
Diethyl diamylmalonate . . 
Bthyl amylacetoacetate . . 
Ethyl diamylacetoacetate. 


inalonate 

Amyl piperidine- 

2 Walden ' 


Boiling-point. 

mm 

d 


180-X82 

760 

■ 0.876s 

+ 6.56 

228-230 

775 

0.8631 

+ 7-01 

262-263 

760 

0.8894 

+ 18.27 

235-238 

760 

0.8701 

+ 1799 

268-270 

775 

0 8594 

-f- 13-98 

(m p 90^-91 

acetone a = 6 67 ) 

-h 525 

244-246 

- - 

0 9665 

+ 10 14 

280 

760 

0944s 

+ 582 

228-232 

.. 

0.9455 

+ U.48 

265 

768 

0.9120 

inactive 

(m.p 51° 

, aceto 

ne a — 20) 

+ 1.25 

185-186 


0 8459 

- 1-7 94 


Rotation of the amyl alcohol used, [«3/j 


= -4.7" 


Amyl z-lactate 

Amyl /-lactate 

Amyl z-mandelate 

Amyl /-mandelate 

Amyl i-phenylchloracetate 
Amyl ^/-pheiiylchloracetate 

Diamyl z-malate 

Diamyl /-malate 

Diamyl z-chlorsuccinate . • 
Diamyl fl?-chlorsuccinate. 

Diamyl racemate 

Diamyl af-tartrate 


3 Walden.*^ 


Diamyl maleate 

Diamyl chlormaleate* • 
Diamyl brommaleale- . 
Diamyl hromf umarate . 
Diamyl citraconate- • . • 
Diamyl itaconate 


ate 


ate - 

Diamyl mesotartrate- 
Diamyl racemate- 


Boiling-point 

mm 

d 1 

[a]S. 

105° 

22 

0.9672 

+ 2 64 

10I-102 

17 

0 9667 

— 3 93 

1 70-171 

20 

I 0520 

+ 276 

166-167 

17 

I 0530 

— 94 02 

166-167 

20 

T 0832 

-1-323 

169-170 

24 

1.0826 

4- 2679 

191-192 

20 

I 0180 

+ 350 

191-192 

20 

I 0176 

— 6 88 

187-188 

22 

I 0314 

+ 375 

187 

22 

I 0305 

-1- 25-15 

208 

20 

I 064 

-1-337 

208 

20 1 

I 0636 

+ 17 73 

of the amyl alcohol used, { oc \ d ^ 

-48“ 

Boiling-point 

mm 

d 


170® 

29 

09747 

4-462 

185 

25 

1 055s 

-1-403 

175-177 

13 

I 1561 

-1-458 

185-187 

15 

1 1683 

-1- 5 99 

179 

25 

0 9661 

-1- 4-14 

170-172 

10 

09657 

- 1-4 97 

n- 

. . 168-169 

15 

0 9469 

- 1-3 42 

n- 

i8s 

30 

0.9452 

4 - 3.66 

• . 203—204 

17 

1.0658 

- 1-4 77 

. . 201-202 

16 

1.064 

- 1 - 3.37 


1 ztschr, phys. Chein., 171 705 ^ 

2 Jbtd , ao, 378 
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4 Walden ^ Rotation of the amyl al< 

cohol not given 


Boiling-point 

mxn 

d. 


Amyl ^-butyrate 

178-179“ 

765 

0 8690 

+ 2 81 

Amyl crotonate 

190-192 

750 

0.8958 

+ 4.24 

Amyl isobutyrate 

1 70-171 

765 

0.8619 

+ 3 

Amyl methacrylate 

75 

20 

0 8781 

+ 3*5^ 

Diamyl succinate 

178-180 

25 

0.9S92 

+ 3*70 

Diamyl fumarate 

t6s 

10 

0.9696 

+ 5*93 

Diamyl chlorsncdnate 

187-188 

22 

1.0314 

4 375 

Diamyl chlorfumarate 

187 

14 

1.0560 

-1- 5.78 

Diamyl methylsuccinate • • • • 

172 

18 

0.9529 

+ 3-67 

Diamyl mesaconate 

183-184 

20 

0.9698 

+ 5-93 

Triamyl tricarballylate • • • • 

240 

25 

0.9973 

H- 4-01 

Tnamyl aconitate 

241-243 

26 

1.0029 

+ 6.16 

Amyl hydrocinnamate 

172 

28 

0 9721 

4 2.26 

Amyl cmnamate 

192 

29 

0 9992 

+ 7.51 

Amyl phenylpropiolate . • • • 

210 

55 

1.0035 

+ 5-S8 

Amyl a-naphthoate 

222 


J.0605 

+ 5.28 

Amyl jS-naphthoate 

265 

100 

1.0531 

+ 9-34 


5 GuYE AND Chavanne ^ Rotation of the common amyl alcohol used, 
[a]^ = — 4 4. Rotation of the ^^^:-amyl alcohol not given 




[aijT" 

Amyl formate 

+ 2 01 

+ 1.98 

Amyl acetate 

+ 2 S 3 

•fa SI 

Amyl propionate • • • . 

+ 277 

+ 2 68 

Amyl butyrate 

+ 269 

+ 2.54 

Amyl palmitate 

+ M 5 

, 4-1.16 


d 

[«]/> 

j^^’-Amyl acetate 

0.962 

— 4 06 

^^'^’-Amyl propionate 

0.895 

— 8 .S 5 

j^r-Amyl butyrate 

0 889 

-825 

prim-hmyX benzoate 

0.988 

+ 496 

prtm-kmyX phenylacetate 

0.982 

H" 3-84 

prim-kmyl phenylpropionate 

0 976 

+ 2 IS 


6. Goldschmidt and Freund.® Rotation of the amyl alcohol used, 
[ccJd = — 4.29. The following solid esters were used in 
chloroform solution 



P 

Wb 

Amyl p>if»'nyVflrKfliTiiTisif-<» - .... 

5-248 

5328 

5.306 

5277 

+ 4-19 
+ 2.66 
+ 3.85 
+ 4 47 

Amyl ^-tolylcarbaminate 

Amyl 9tt>tolylcarbaminate 

Amyl j^-tolylcarhaTniriate 



1 Ztschr. phys. Chem , ao, 573 2 Compt r«nd , lao, 452 »Ztschr phys. Chem., 14, 394, 





MIXi^D AMYI, ETHBRS 


7. Guye and 



1 — 1 

1 t 

b 


+ 436 
+ 154 

+ 6 10 
+ 348 


^•Atnvl //-amvlnialoiia.te •.•••• 

/ Amvl .... .... .... >■■■ 



GUYE AND Amarae* investigated the following derivatives of /-amyl 
alcohol at different temperatures 



i 


' i 1 


A.rayl alcohol 

16® 

— 

4.52 

0 

VO 

— 

4.12 

Valeraldehyde 

, 15 

+ 

1409 

72 

+ 

11,14 

Valeraldoxime 

20 

+ 

II 13 

SI 

+ 

9-97 

Amyl bromide 

i x8 

+ 

251 

62 

+ 

2 07 

Amyl iodide 

i8 

+ 

367 

60 ' 

+ 

3 13 

Amyl acetate 

18 

+ 

2.54 

57 ' 

+ 

251 

Amyl chloracetate 

27 

+ 

3 00 

51 

+ 

2 97 

Amyl amine 

18 

— 

CO 

o‘ 

62 

— 

0.99 

Diamyl amine 

18 

+ 

5 59 

57 

+ 

471 


Atiiylamine hydrochloride* Water, /> = 7,84, [«]/, = + 
12 7® 


Mixed Amyl Ethers 


Guye and Chavannk* give the following data , 



Boiling-point 

d 

[«]z. 

Methyl-amyl ether • • • 

87 5- 88 5° 

0754 

+ 0-39° 

Ethyl-amyl ether • • 

IO7.S-IO9 

0759 

-h 0 61 

Propyl-amyl ether 

125 -127 

0783 

+ 090 

Isobutyl-amyl ether * • • I 

145 -147 

0*773 i 

+ 0 96 

Isoamyl-amyl ether 

145 -147 

0.774 ! 

+ 0.70 

Cetyl-amyl ether 

145 -147 

0805 

+ 031 

Benzyl-amyl ether ! 

1 

231 -232 

0,911 

+ 183 


1 Compt reud , lai, 827. 

Arch. Sc, phys. Gen6ve [3], 33, 409 ; Compt. rend,, lao, 1345. 
3 Plimpton J Chem. Soc., 39, 332 ; Compt rend., 9a, 53ii 883 
* Compt rend , lao, 452 







eONSTAK^S OF ROI'ATION OF AMIVF BODIES 


gives for other ethers . 



t 


Phenol-amyl ether 

17^ 

+ 40° 

^-Cresol-amyl ether 

19 

-f 4 26 

^-Cresol-atnyl ether 

20 

+ 3-86 

iw-Cresol-amyl ether 

22 

+ 3 93 

4,5-Methyl-propyl-phenol-amyl ether. . 

18 

+ 4 17 

4, 6-Methy 1-propyl-phenol-amyl ether . . 

19 

+ 4 01 


CH C FT 

2 rf-HBXYLAtCOHOI,, h>^<CH-CHOH- 
man camomile oil . 

Boiling-point 154® (at 758 mm.), 

= 0.829, t = 17°, [or]^ = + 8 2®.* 

3. Methyi.-hex'sx Carbinoi,, 

(?g«>CH.CH. CHj.CHOH.CH, 

Obtained by reduction of the following- compound 
J' = 24®, [«]„ = + 4.69®.“ 

Methyl-hexyl ketone. By saponification of amyl acetoace- 
tate , 

t=21°, [0-]^= -f 5.06°) ‘ 

if = 57“. Wz) = + 4-41 '’ } 

3. Alcohols with Two to Four Atoms of Oxygen 
A few optically active compounds of this kind are known, 
such as /-propyleneglycol, but the optical constants of none of 
them have been accurately determined . As derivatives of such 
alcohols we may consider : 

Diphenyl- ethylene -dmmine, — CHc^^S'. 

Obtained by reduction of benzyl dioxime. Melting-point 90® 
to 92®. Split as bitartrate. 

Bther . i = 15° 
rf-Base. [a]^ = -f 134 8° 

/-Base. [a]fl = — 128 

1 Ann chim phys , [7], 6, 115 

2 van Romburgh Rec trav chim , 5, 220 

3 Welt Compt rend , up, 855 
* Welt Loc cit 

Feist and Amstem. Ber d. chem Ges , a8, 3167 
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/, 5- Tetrahydronaphthylene-diamine, Split as bitartrate, 
le hydrochlorides in aqueous solution gave at 17 5® : 

^-Base. c = 2.44, [«Gz? = + S.15® | ^ 

/-Base, c = 3.96, [ar]^ = _ 7.5 ) 

4. Alcohols with Five Atoms of Oxygen 
Pentitols, CH20H.CCH.0H)3.CH,0H. 

ArabitoIv, melting-point 102®. Held by Kiliani,® but im- 
'operly, as inactive 

Cold saturated borax solution, p = 9.05, [a:]^ = — 5,3°. 
fter 36 hours still unchanged.® 

XylitoIv, inactive Bertrand's statement, [a] = + 0.5® is 
rong/ 

Adonitoi;, inactive, also in borax solution ® 

RhamnitoIv, CHb.CCH.OH)^ CHgOH Triclinic prisms, 
[elting-point 121°. Water, p = 8.648, [a]y? = + 10.7®.® 

5. Alcohols with Six Atoms of Oxygen 
Hexitols, CH,OH.(CH 0H),.CH30H. 

</-Mannitoi, The behavior in aqueous solution, the action 
f borax and other salts, also of acid sodium and ammonium 
aolybdates, are given m § 70, pp. 253 to 256 
In alkaline solution, left rotating. Water with 8 per cent of 
^aOH,/ = 8, = 

Derivatives ; 

Nitromanmtol, C3H8(0.N02)6 


Ether ^ ™ 4.2, [a:]y + 70 2° ** 

Alcohol [a:]y =4 63 7 ® 

Alcohol c=T Sy [«]/)= + 40 

HexachlothydnUy CgH^Clg : 
Benzene [o'] ^ = + 18 5° “ 


1 Bamberger Ber d chem Oes , 23 1 292 
3 Jhid., 30 , X234 

8 Fischer, Piloty 24, 531 

* Bull 8OC chim , [sli 5» 554‘ 

5 Fischer* Ber d chem. Ges., 26, 633 
« Fischer, Piloty Ihtd , 23, 310a 
f MUntz, Aubm * Ann chim. phys , [5], 10, 566. 
fi Krecke Arch Neerl., VII, 1872 
» Krecke, /bid , VII, 1873. 

JO Krusemann Ber d. chem Ges„ 9, 1468, 
n Mourges Compt. rend., iii, 1x2 



.V/a.1 


VJJT AV«lAVJb^ BODIES 


/-MA.NNITOD. In borax solution strongly left rotating,^ 
homannitoL Water, p — [or]^ = 91.36°. Alcohol 

P = Z. Mij = + 94«66°.* 

Dtocitod. Inactive, also in borax solution . ® Bouchardat’ s 
statement^ that diacetyl and tetraacetyl dulcitol are slightly 
right rotating has been contradicted by Crossley.® 

Sorbitol See statement in § 70. 

aT-Talitol The aqueous solution is slightly right rotating, 
the borax and alkali solutions slightly left rotating.® 
Rhamnohexitol, CHg.(CH.OH)6.CH^OH. Water, 
10.4,/== 20, [a]^ = + 14-0°.'^ 

^“Inositol, CgHijOg and hydrate, CgHiaOb + 211^0 Water, 
p=^ 10 (anhyd), = + 65.0°.® 

Methyl-d-inositoly pinitol, CeH^^Oe.CHg. 

Alcohol [a:]z> — + 65.51° ® 

Water [a:]^? = -f 65 7 

identical with Melting-point, 187°, 

Water [a]/? <= + 66 0° 

Water, s= 3 625, - [a]i) = + 64 7 

Water, c = 11.867, [a^D = + 65 2 

/-Inositol. Water, [or]^ = — 65°.^'^ 

Methyl-l-inositol, quebrachitoL Water, [«]/> = — 80°.^® 

6. Alcohols with Seven and More Atoms of Oxygen 
Heptitols, CH,OH.(CH.OH)g CHgOH. 
<:/-Mannoheptitol, C7HjgOy,perseitol. PerseitolfromZa 7 ^n^^ 

1 Fischer Ber d chem Ges., *3, 375 
Fauconmer Bull soc.chim., [3] 41, 119 
8 Fischer, Hertz Ber d chem Ges., as* J247 
< Ann chitn phys , [4], ay, 68, 145 
6 Ber d, chem Ges , as, 2564 
® Fischer* Ibid , ay, 1534 
? Fischer, Piloty Ibtd , 33, 3827 
» Maqueune. Compt rend , 109, 968 
0 Maqueune. Ibid , 109, 812 
^0 Combes Ibtd ^ no, 46. 

M Combes*. Ib^ , iio, 46. 

12 Girard Ibtd , no, 84. 

Girard Ibtd , no, 84 
Tanret. Ibvi , 109, 90S 
16 Tanret Loc, ctt 



r^aiL.,is inactive according to Muntz and Marcano,' but 
jrding to Gemez,“ slightly left rotating, and in aqueous so- 
on for c = 7.36, [“]2 = — I 22°. 

Variety from ^f-inannoheptose : for cold saturated borax so- 
on, r = 8, right rotating, [«]” = -h 4 75 ®'" 

)n the action of acid sodium and ammonium molybdate, see 
', p. 256. 

/"OLEMiTOL, Water, p — 10, [a]” = -f 1.92°.* 

UeahepTitoi,, Water + borax, p = 8.8, [0]% 

4 35 • 

i-Geucooctitoe, CjHigOg. Water, ^ = 10 24, d= 1.038, 
]® -j- 2°.° After addition of borax three times as strong. 

7 Acids with Two Atoms of Oxygen 

f-VAEERic Acid, methyl-ethyl acetic aad, CjHj CH, CH. 
),H From /-amyl alcohol. 

[From amyl alcohol of [a]/, = — 44'’ Boiling-pomt, 173“ 
174°, (730 ram ) ] = o 938, [«]o = -1- i 3 ' 64 ° ’ 

[From amyl alcohol of = — 5 - 2 °. Boilmg-point, 

^ 5 ° (768 mm ).] = o 936, [«]? = -t- iS-Q®." M2 = 

II 27° , Ml) = + 10 84° ■’ 

According to Schutz and Marckwald,"' valenc acids with the 
tations given must contain still about 20 to 25 per cent of 
purities For the pure suhstaiice [a];, must be -f 17° to 
“ , see /-valenc acid 

Derivatives 

VAr.KRALDE:HYDE, Boiling-point, 92.5°. = o 8209, [a]i7 

-j- I (maximum value) [^]/1 = + 14 09° , {ocYn == 

II 14°/“ 

I Ann chuii pliys , [6J, 3, 279 
J Compt rend , 114, 480 

* Fischer and Passmore Ber d chein Gcs„ 33i 2226 

4 Fischer Ibid,, aS, 1973 

r> Fischer Ann, Chem (lyiebiiy), a88, 147 

rt Fischer IbuU, a70, 99 

" Guye and Chavnnne Com pi rend, 116,1455 

8 Roger. J Chein hoc , 63, ii34 

« Guye and Atnarnl. Arch, sc phys GenSve, [3], 33 > 4^9 
10 Ber d chem Ges , 39, 59 

II Erlennieyer and Hell, Ann Chem, (I.,iebig), 160, 257 
1- Guye and Amaral Arch sc phys. (5en6ve, [3], 33 > 4^9 

33 



Vai,Br.ai,doximb, [a]” = + 11.13° : MM = + 9 97° ' 


Bstbrs of rf-VAi,BRic Acid. 



( 

B p (730 mm ) 1 

rfsa 

M. 

Methyl ester 

113 to 115® 

0.882 

+ 1683“ 

Fthyl ester 

131 to 133 

0.864 

+ 1344 

iV-Propyl ester 

154 to 157 

0.860 

4 - II 68 

iV-Butyl eater 

173 to 176 

0.856 

-f 10.60 

Isobutyl ester . . . . 

16s to 167 

0855 

4“ JO 48 

Benzyl ester 

246 to 250 

0 982 

+ 5 53 


From 
valenc 
acid.- 
or] = 
H- T3 64 


For further observations of Guye and Guercligorine, se 
Compt. rend., 124, 230 

AVal:kric Acid. First obtained by Schiitz and Marckwald 
by resolution of the synthetic acid (fromethyl-inethyl-malouh 
acid), by aid of brucine Boiling-point, 173° to 174® The 
rotation for the following colors was determined hy use of the 
ray filter method, J158. 



Wave-lengths 

Temp 20° 

= 0934 

Temp 30® 

~ 0 92fi 

Red • -• •• 

665.9 ^ 

[tt]=— 13 so® 

[a]=— 1291“ 

Yellow (Na) 

589.2 

1785 

17 02 

Green 

533 0 

22 57 

21.44 

Light blue 

4885 

27-75 

26 29 

Dark blue 

j 448-2 

34 19 

32-63 


^f-CAPROic Acid, /J-^S-methyl-ethyl-propionic acid, C^Hj. 
CH3 CH.CH.COjH 

From flf-hexyl alcohol. Boiling-point, 196° to 198° (770 
mm.), = 0.930. [ar]g == -f- 8.92®.^ 

HKxyn Estbr of Caproic Acid Boiling-point, 233° to 
234° (768 mm.), d'^ = 0.867 + 12.86®.*’ 

For other esters see Guye and Guerchgorme.” 

1 Guye and Amaral Loc cit 
“ Guye and Chavanne Compt rend , ii6, i45S 
Ber d chem Ges., 39, 52 
^ V Rorabiirgli Rec trav chuu Pays-Bas , s, 232 
'» V RomburgB 

Compt rend , 124, 230 , 



f-AMyi.AC^Tic Acid, C,H,.CH, CH.(CH,.CH,COsH), By 
Donification of amyl acetoacetate. 

id ^ 20°, [a ] + 8 44°, i ^ 54^ [or] = + 7.64° ^ 

‘thyl ester.... / ™ 25, “ — + 6,71, / = 75, “ ^+592 

tiyl ester ^ = 2r, “• = + 6 66, ^ = 72, =.- + 587 

For amyl esters see under amyl alcohol. 

Parasorbic Acid, sorbinoil, My= + 40.8"^.* 

fl^-PiPE)coi,iNic Acid, CpHioNCOaH Obtained by resolution 
the racemic acid by means of rf- tartaric acid. 

Water, p = 19 93, [a] g = + 33 4 ° 

Water, 992 “ =+357 

/-PiPECOLiNic Acid, Made by aid of /-tartaric acid. 

Water, = 9 92, [ofjjs = ~ 34 8° » 

8. Acids with Three Atoms of Oxygen and Derivatives 

^“Lactic Acid, CHg CH OH.COgH Sarcolacitc aad (para- 
ctic acid). As first shown by Wislicenus,^ certain amounts 
I the ester anhydride, CgH^^jOg, and of the lactide, CgHgO^, are 
Iways formed in concentrating aqueous solutions of sarcolactic 
cid ; both of these bodies have a strong left rotation The 
Lght rotation of the acid is, therefore, found too small. On 
tanding, the anhydrides in aqueous solution pass gradually 
ato acids and the rotation increases. See §75, p 280 As 
Lighest values there were found . 

( 4297. M/, -~ + 29 i°|» 

3284. 346 

21 25, 2 66 

7 38, 2 78 

Also by Hoppe-Seyler and Araki " 

/> == 39 85. d - 1 0907, [ff] “5 + 3 48 to 3.54° 

22 90, 1.0538, 2.53 

7 1 19, I 0273, I 57 to I 89 

For the rotation of the pure acid made by Krafft and Dyes,’ 
no data have been given. 

1 Welt . Compt rend., up, 855 

2 Doebnei Ber, d chem Oes., 37, 34ft 
V Meude Ibid , 39, 2S87 

* Aiiti Chem (lyiehig), 167, 30a, 

Wisllcenus i67, 324 to 327, 

« Ztschr. physiol. Chem., 3o, 369 
7 Ber. d, chem Ges., a8, 2589, 



Anhydride , — A preparation which contained 84 per cent, of 
C,H,A and 16 per cent, of CsHA gave, in alcoholic solution, 

19-54. 

If but a few per cent, of tbe anhydrides are present in lactic 
add solutions, they exhibit left rotation, 
d-Ladic Add Salts, 

These all show left rotation. 

Zinc Salt, The rotation of aqueous 

solutions increases slightly on dilution. There was found for 
the hydrated salt 


^ = 16 os,“ 

M^ = - 6 . 36 - 

1. p — 9.08, 

[a]^-~ 6 . 56 o 

II.OI,* 

636 

8.29, 

6.64 

7 > 47 . 

683 

653. 

6.84 

6.13, 

7-41 

5-89. 

6,83 

5 26, 

7 60 

4.18, 

7.55 


S. c= 7.49. [fl.] ^ - 6.83^ * 

Zinc Ammonium Salt, Zn NH*(C3HA)3 + sHgO 
’ Water, c = S.oo, [etr] ^ = — 6 06° 

Calcimn Salt, 2Ca(C3H50g)j + 9H2O 

Water, = — 3 87*^ ’ 

Water, p — 6 25, [a] ^ — 3 85 

Lithium Salt, Li.C^HA- 

Water, / = 5 to 12, [of] j,, = — 10 95 to 12.28® 

d-Ladic Add Esters, 


Methyl ester == i ioo» [of] ^ - ii.i® \ 

Propyl ester = 1.004, \d ^ = — 17 06 ^ 


For further determinations see Frankland and Henderson ® 
/-Lactic Acid. By resolution of fermentation lactic acid 
by means of strychnine (§33), or by the action of Badllus 
addi laevo-ladict on cane-sugar 

^ Wislicenijs Ann Chem (I^iebig), 167, 321 
2 Supersaturated Wishcenus Jbtd , 167, 332 
» Hoppe-Seyler and Araki, Ztschr physiol Chem , ao, 371 
^ Purdie J. Cfaem Soc , 63, 1154 
^ Wi^cenus . Loc, czt 
* Hoppe-Seyler and Araki . Loc cit 
- Walker J Chem Soc , 67, gi6 
« Proc Chem. Soc , ii, 54 (1S95). 
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Water, — 64 8, [a]^==- 43 ‘’‘ 

Water, ^ = 12 43, af = 1 0348, < = 233, [^ar]^ = — 4-72 

Water, 6.57, rf = 10192, < = 23 6, “ =—5.86 


Ir Lactic Acid Salts 

They all show right rotation in aqueous solution. 
Zinc Salt, ZnCCjHjO,), + aHjO. 

1. c =• 16.08 12.66 5.85 5-57 1 * 

[a] z, = + 5 4 + 5-2 + 6-5 + 6 - 3 ° ■' 

2. c = 7 484 , [«]a = + 6-8i“.* 

3. i> = 6 75i, <^’ = 1.0318, [a]^ = + 6 32®. 

Zinc Ammonium Salt, Zn.NH^CCjHjO,), + aHjO. 

= 8 63, df = 1 . 035 , [a] g = + 6 49 “ 1 “ 

/ = S.87, " =1024, “ = + 707 > 

Lithium Salt, TiC,HjO, 

;> = 3 7t0 9 i, [«]^=+ i3 5 toi 2 7 '”' 

Sodium Salt See § 57 , P- 202. 


Ethyl Ester 

\ 


1.030, [of] = + 14 52° ^ 

- + 14.^9" « 


Chlor-proptonic Acid^ CHg.CHCl.COjH. 

Methyl ester of the of-acid. i 1520, [a:]/, = + ^9 01° 

Ethyl ester of the if-acid. . . “ — i 0888, “ = -f 12 86 

Methyl ester of the /-acid • • d\ =1158, “ = 2683 

Ethyl ester of the rf-acid. . s = i 087, “ = + 19 5 i 

Propyl ester of the i/-acid . * d\ — ^ 065, “ = + 11.0 


Brompropionic Acid^ CH3« CHBr.COgH. 

Methyl ester of the ^-acid = i 482, {(x\j) = -f 42 65° 

Ethyl ester of the /-acid. • d^^ “ ^ ~ 3 ^ 45 

Propyl ester of the flf-acid . . d)^ = ” 21.98 


r 

}" 

}“ 


I Schardiug;er • Wien Monatsh , ii» S 5 i 

a Hoppe Seyler and Araki Ztachr physiol Chem , ao, 369 
« Schardinger Loc nt, 

< Purdie J Chem, Soc , 63. «54 
6 Purdie and Walker Ibtd., 61, 762 
« Purdie and Walker Ibid , 61, 761 

f Hoppe-Seyler and Araki • Ztschr physiol. Chem , ao, 373 
8 Walker J, Chem. Soc , 67, 917 
• Klimenko J russ, chem. Ges , la, 30. 

10 Frankland and Henderson . Prc c Chem. Soc., u, 54 (1895) 

II Walden Ber d chem. Ges , a8, 1293 
w Walker J Chem Soc., 67, 918, 

18 Walker . eti. 
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Ai^kyl Oxypropionic Acids. Purdie and I^ander' hav< 
pared a number of active compounds by resolution of ina 
metboxypropionic, ethoxypropionic, and propoxyprop 
acids by aid of cinchonidine and morphine. The author 
lieve that a nearly complete separation of one componei 
each case was secured and numerical values are given fo3 
free acids and their sodium and calcium salts as follows : 


/-Methoxypropiomc acid, 

water. 

. . . ^ == 13.475 

(( 

— — 71. O' 

Sodium salt, 

water. 

. . f? = 16 530 

49 - 4 . 

Calcium salt, 

water. 

... 9.53 


— 38.01 

f/-Bthoxypropionic acid, 

water. 

... 29.374 


+ 56 * 9 < 

Sodium salt, 

water. 

. e ~ 17.965 


48.05 

Calcium salt, 

water. 

. . 6—26 875 


+ 38.4c 

df-Propoxypropionic acid, 

water. 

11.450 


+ 55-63 

Sodium salt, 

water- 

. , . = 30 750 


+ 48.94 

Calcium salt, 

water. 

. . . ^ = 12 010 


+ 4854 


Purdie and Irvine® have determined the optical behavio 
methoxypropiomc and ethoxypropionic acids and esters ] 
pared from active lactic acid. 


y^-OxYBuTYRic Acid, CH3 CH.OH.CH^.COaH 
The /“form has been found in diabetic urine.’’* 

Add. Water, [ar]^ == — 20.6® ^ 

1 «'\d = — 23 4.“ 

Sodium Salt Water, / = 32 i, [d]^ — — 15®/ / = 2c 
1.0900, [ar]/,=— 13 93®.« 

Silver Salt [taf] p = — 10. i ® ^ = i 4, [or] j^= — 8.64® 

A senes of esters of d- and /‘Oxybutyric acid has been 
vestigated by Guye and Jordan.^* 

rf-I,EuciN. 

In hydrochloric acid solution, left rotating. 

^ J Chem SoCm 73, 862 (1898) 

2 Ibid , 75, 483 (1899) 

J Minkowski Ber. d. cliem Ges , 17, Ref 334, 535. Kulas Ber. d. diem Geb , 
Bef 534; 18, Ref 451. 

^ Minkowski 

Kiilz * Ber, d, chem. Ges., ao» Ref. 591 
a Deichmliller, Szymaiiski and ToUens • Ann Chem. (I^iebig), aaS, 94. 

T Kulz. 

B Compt rend , lao, 1274 and lao, 630. 
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From conglutin : 

20 per cent HCl r = 4,73, [or] ^ 17.5° 

From active (conglutin) leucin : 

20 per cent HCl ^ = 5.00, [o'] „ — r7.3‘=' 

From inactive leucin • 

20 per cent. HCl 4.37, [or] ^ — r 74° ^ 

By resolution of the «-amido acid from fermentation caproic 
acid by means of Pemcilhum glmicum^ Schulze obtained an 
active leucin, different from the ordinarj^ leucin, and which 
was left rotating in hydrochloric acid : ^ 

Acid £-^4^5, [it] ^ * 26 Q® to — 26.5® 

/-tKUCiN. In aqueous solution, left rotating ^ in acid or 
alkaline solution, right rotating. 

From casein . 

10 per cent HCl r =- 6 4 [nr] y, -= + 1 7 54M * 

Alkaline ^ - 5 6 “ = + 6 65 J 

From beet molasses 

4 per cent NaOH 2 371, t — 20®, [ar]^, -- + 8.05®® 

From conglutin : 

19 per cent HCl c ~ 5.00, [it]^,, = + 17 31® ® 

20 per cent HCl c -4.73, “ =+17.3'^ 

Ricinkdaidic Acid, CH,(CH,),CH 0H CH CH (CH,),- 

COOH, Melting-point, 53®. 

Acetone ^ 5 lo 15, [or] + 4 8 to 5 4° T 

Alcohol c=i2, “ — + 667® i 

RiciNOXwiBic Acid. Isomeric with ncinelaidic acid 
Acetone i: --- 4 8 to 21, / == 22®, [it] ^ == + 6 27 to 7 5° ” 

Ricinstkar0Iv35IC Acid, Ci^HgoOH COOH Melting-point, 
Acetone 6.4, [or]^, = + 13-67'= ® 

1 Schulsseand Bosshard, Ztschr physiol. Chem , 10, 143, Schulze and I^ikiermk. 
Ber d cheni Ges , 34, 472 
^ Ber cl chem Ges , a6, 56. 

® X^ewkowitsch • /btd.^ 17, 1439 
< Mauthner * Ztschr physiol. Chem., 7, 222 

6 I^aiidolt ' Ber d. chem Ges , ay, 2838 

Schulze and Bosshard , Ztschr. physiol. Chem,, p, xoo 

7 Schulze * Ber. d chem. Ges , a6, 56. 

Walden /btd!,y ay, 3471. 

» Walden 



*^wj.axxujln uif ACTIV35 BODI]®S 


Acid, CaH5.CHOH.COaH. Melting-po 

132.8*’. 

By resolution of the inactive acid by means of the cine 
nine salt or by Penidlhum glmicim? 

Water - /==r2 886, d == 1.0055, [<af] J? — 156 

Cinchomne Salt 

Chloroform + alcohol p i.944i [of] 55’— + 153.91*^ 

On the resolution of mandelic acid see papers by Rimbac 
and by McKenzie ® 

AMandeIvIC Acid. Melting-point, 132.8® From amygda 
or by resolution of the inactive acid (through the cmchoni 
salt or by Saccharomyces elhpsotdeus and a schizomycite) ^ 
The specific rotation of solutions in water and glacial acei 
acid decreases on dilution according to the following formulas 


Water = 91 to 97, [or]®? = — 212 52 + 0.5777 

Glacial acttic acid ^ ~ 82 to 97, = — 209.95 + o 2714 


An increase in temperature of 10° decreases the specific rot. 
tion of the solution by about 5®. 

On the behavior of methoxy-, ethoxy-, and propoxy-subst 
tuted /-mandelic acid, see McKenzie.® 

/-Cinchonine salt, more soluble than the d-selt. 

Alcohol -f chloroform .... ^ = 1.946, [01^0 ~ 91.64'’ 

Walden® gives the following constants for /-mandelic acid 
and Its derivatives. 


Free acid Acetone c 

(ni p I3i°-i32®) Water 

Amide Acetone 

(m p,i22®-r22 5®) Acetone 

Methyl ester Carbon disulphide.. 

(b. p 160°, 32mm.) *' “ 

Acetone 

* I,ewkowitsch , Ber d. cheni Ges , i6, 1568 
^ Ibid , 33, 2385 

3 J Cheni Soc , 75^ 964 

* I/ewkowitsch fler, d chem Ges., 16, 1571’ 

8 I,ewkowitsch Ibtb , 16, 1567 

0 J Chem Soc, 75^ 733 (1899) 

T I^ewkowitsch Ber d. chem, Ges., itf, 1574 
8 Ztschr phys. Chem , 17, 706 ff. 


2.50, 

[a]S=— 148.0° 

2.45> 

— 153 06 

2.50, 

— 66.6 

1.50, 

— 66 7 

3.33, 

~ 214.1 

I 67, 

— 217.0 

3 . 33 » 

— H0.2 
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Ethyl ester Su perfused 

d = 1.T270, 


— 123.12 

(b.p. 150®, 21 mm ■) Chloroform 

c — 6.67, 

[«]i3 

= — 128 4 

(m. p.3S°) '< 

3.33. 


— 126.4 

Acetone- 

5.81, 


— 9062 

(( 

1. 16, 


~ 87.1 

Carbon disulphide.. 

5-00, 


— 180,0 

<1 it 

2.50, 


— 1800 

(( (( 

0.88, 


-180.5 

Isobutyl ester Superfused 

d? = I 0870, 


— 100 73 

(b.p. 159° 19 mm. 

solid ) Carbon disulphid e . . 

c = 5 0, 


— 146 6 

<c “ . , , 

2.5, 


— I 44'0 

z-Amyl ester b.p i66®~i67®, 17 mm 

d = I.0S3I, 


— 96 46 

/-Amyl ester “ 166^-167®, 17 

I 0 S 30 i 

(1 

— 94 02 

Acetylmandelic 

acid, methyl ester “177®, 45 - 

!.iS46> 

(( 

— ,46.37 

Propionylmandelic 

acid, methyl ester “ 184“, 45 “ 

1. 1261, 

<c 

- 135.5 

Propionylmandelic 

acid, ethyl ester, Superfused 

d — 1.0936, 


“H3.7 

(b p 3 77°, 30 mm Chloroform 

™ 10 0 

f c 

— iro 8 

in p, 33®) “ 

50 

It 

— 1094 

Carbon disulphide . 

50 

tt 

—13,5 

Cl l( 

25 

it 

— 1268 

Valeryl mandelic 

acid, ethyl ester, b p 173°-I74®, i8nim 

d = I 0544 

( t 

— 97 06 

Carbon disulphide. 

c ~ 10 0, 


-11725 

(1 (( 

50, 


— 116 9 

Acetylmandelic acid , ni . p. 56® Acetone . 

3 33 , 


—1564 


In addition Walden* gives the following observations 


^f-PHENYDCHDORACETic AciD, C.Hj CHCl.COOH. From 
/-mandelic acid. Melting-point, 56° to 58°. 


Benzene 

• • ,^ = 333. [a]/, 

— + 132.13® 

u 

S- 33 . 


Carbon disulphide 

4.00, 

-t- ,31.3 

Chloroform 

5 ' 33 . 

+ 107.9 

Chloride, liquid. 

b p. 120'^ (23 mm. ) Carbon disulphide ^ 6 0, 

[a]n = 4- 158 33° 

Methyl ester, liquid 

b. p. I3S°-I36®(22 mm.) 

d = T 2087 

4- 107.55 

Ethyl ester, liquid 

b p. 162® (45 mm.) 

= I. , 594 . 

4 - *519 

In carbon disulphide, p 

= 4.96, 1.2527, 

4- 2639 

«-Propyl ester, b. p, i8o®, 

60 mm. 1.1278, 

4 - 2394 


^ Ztschr. phys Chem , 17, 714 ; Ber d chem Ges , a8» 1295. 
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CONSTANTS OF ROTATION OF ACTIV:® BODIFS 


7-Amyl ester, “ 167*^-168®, 20 mm. d = 1,0828, [or]/) =~ + 23 3 

/-Arnyl ester, “ 169°-! 70°, 24 ** i 0826, + 26.7 

^-Phenyi<bromacftic Acid, CyHg.CHBr COaH- 
/-mandelic acid. Melting-point, 76° to 78°, 

Benzene £• = 8.0, [«?]/> ~ + 45 * 4 ^* 

Bromide, liquid, b p. 145^-147^, 24mm r 853, [or];, = + 44-5v 
Methyl ester, “ 172°, 53 “ 1 4421, -(-29.82 

Bthyl ester, “ “ 164®, 20 ** 1-3893, + 16 

Isobutyl ester, “ “ 167^-168^,19 “ j.2892, + 9.77 

^^IsopropydphbnyIvChloracktic Acid, CaH^.QjH^.CHC 
COaH Melting-point, 75° to 76°. 

Benzene c 3.0, — 4 * 23.3®. 

^-ISOPROPYIyPHFNYDGI.YCODLIC AC ID, C3H7. CgHi. CHOH 
COaH^ 

By crystallization of the cinchonine salt of the inactive acid 
Melting-point, 153® to 154°. 

Alcohol r = 4 0568, t -= 17®, [/y] ^, = + 134-9° 

Quinine salt m p. I92'^-I93®,® 

Alcohol <: = 0.9248, t '-= 24®, — 79 4® 

Cinchonine salt, m p 201® 

Alcohol c^- 2.3014, /f -= 13®, + 136 8^ 

/-IsoPROPYLPHBNYnGnYCoi.nic Acid. By crystallization o 
the quinine salt of the inactive acid.* Melting-point, 153° tc 

154°. 

Alcohol c = 4.0916, t 17°, [cr]^ -= 135° 

Quinine salt m p 204®-305® ® 

Alcohol 03800, / = 130, — T18.4® 

Cinchonine salt, m p. 167® ^ 

Alcohol ^ = I 3308, / --=r 24®, +83.4° 

fl?-TROPic Acid, CBH5.CH(CH20H).C0aH Melting-point, 
127° to 128°, r^]/3 = + 71 - 4 - Solvent and concentration not 
given. “ 

/-Tropic Acid. Melting-point, 123°, = — 65.2°.^ 

* Fileti J prakt, Chera , [3], 46, 561 ; Ga 25 z. chim ital , aa, 2, 395 
Fileti , Zoc ctt 

Ivadenbnrg and Huiidt . Ber d chem. Ges , aa, 2591. 
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9. Acids with Four Atoms of Oxygen and Derivatives 
^/-Guycbric Acid, CH.OH.CH.OH.COaH. 

The racemic acid obtained by oxidation of glycerol with 
nitric acid has been resolved by means of PeniciUhtm glaucuvt^ 
and Bacillus ethaceiictis^ In the first case, the left-rotating 
acid remains unattacked, and the right-rotating in the second 
case. 

Here, as with the lactic acids, the rotation determinations 
are inaccurate, because on evaporation of the aqueous solutions 
a change into a left-rotating anhydride seems to take place • 

20, acid (calcium salt and oxalic acid), [of] + 2 14° * 

Salts of the d-Acid, I^eft rotating 

Detailed observations have been made by Frankland and 
Appleyard,*^ who give the following figures : 






I'^oi mula 

c 

P 


— 




hydrated 

anhydrous 




salt 

salt 

Li(C,H„ 0 .) 

10 

II 


— 20 66® 

Na(C,HsO,)-|-V.H ,0 . . . 

10 

12 


— 16 13 

K(C,,H, 0 ,) 

11.635 

18 


— 16 46 

K(C,,H, 0 ,)(C,H„ 0 ,) 

10.359 

18 

. . 

— 9 24 

NH.(C,H„ 0 .) 

10 6to 

20 


— 18 05 

Ca(C„HjO,h -h 2HaO .... 

10 

17 

— II 66 

— 13 34 

SrCCAO,), -1 3H.O 

10 

15 

— 10 08 

— II 91 

Ba(C.,HBO.),H 2 HjO . . .. 

10 


— 907 

— 10 01 

Mg(C.HA)a 1 H ,0 . .. 

10 

19 

-1865 

— 20 08 

Zn(C„HA).-+ H,0 

10 

16 

— 22 18 

— 2363 

Cd(C,H.O.), + iVAO .... 

10 

19 

— 14,11 

— IS 29 


Esters of the d-Acid, Left rotating. 

Frankland and MacGregor® have investigated the following 
liquid esters • 

1 X^ewkowitsch : Her d. chem. Ges., 16, 3720 
3 Frankland and Frew J Chem. 80c., 59, 9^. 

3 Frankland and Frew : Tbtd^y 89, 101. 

> * J, Chem. Soc., 63, 296. 

^ 63, 511, T4X0. 


524 constants 

OF ROTATION 

OF ACTIVE 

BODIES 

Methyl ester 

rfg — 1.2798, 



Ethyl ester 

I. 1921, 

15 °, 


jV-Propyl ester 

I 1448, 

17° 

— 

Isopropyl ester 

I 1303. 


— 

A^-Putyl ester 

J.IO84, 

I 7 “, 

“ 

Isobutyl ester 

I 1051, 

i8“-19 5°, 


54?^-Butyl ester 

I 1052, 

19". 

— 

Heptyl ester 

1.0390, 

18°, 

— 

Octyl ester 

r 0263, 

19°. 

— 


On amyl esters of ^-glyceric acid, see Frankland and P 
Esters of fl^-diacetylglyceric acid were tested by Frank 
and MacGregor. “ 

See also the following papers : 

Ethereal salts of active and inactive monobenzoyl-, dibenz 
diphenylacetyl-, and dipropionylglyceric acids.® 

Effect of the mono-, di-, and trichloracetyl groups on 
rotatory power of inethylic and ethylic glycerates and tartra 
Frankland and Aston® give the following values for 
specific rotation of the methyl and ethyl esters of dito 
glyceric acid. 



C«]s 

[«]r. 

Methyl diparatoluyl glycerate ... - i 

+ 41.21° 

4-2509° 

Ethyl diparatoluyl glycerate 

+ 42 41 

+ 26 18 

Metiiyl dibenzoyl glycerate 

+ 26.67 

+ 17 43 

Ethyl dibenzoyl glycerate 

+ 26.08 

4- 1805 

Methyl dxmetatoluyl glycerate- - • 

+ 26.40 

4 - 16.45 

Ethyl dimetatoluyl glycerate . . - . 

+ 26.89 

-f 17.40 

Methyl diorthotoluyl gly cerate . . 

+ 20 19 

+ 13 08 

Ethyl diorthotoluyl glycerate j 

-H 21 64 

+ 13.80 


Phenyldichwrpropionic Acid (cinnamic acid dichlorid 
CgHfi.CHCl — CHCl.COaH. Resolved by aid of strychnine. 
flf-Acid, = + 66.5°. 

Methyl ester : Alcohol ^ 61.9" 

Ethyl ester ; Alcohol +64.1 

1 J Chem Soc„ 71, 253 

» Ibid , 6s 1 1419 * 

3 Frankland and MacGregor /dirf., 69, 104 (1896) 

* Frankland and Patterson 73, i8x (zSgS) 

5 Ibid , , 75 , 493 ( 1899 )- 
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/-Acid, [«]„ 

The folUnviuK conijuninds may also find a place here : 
(/?)-Tyrosin. C„n,((>H)CH.NH,.C(),H. MeltiiiK-point, 
3 ^ 5 " (Ivippinann ) ; 200“ ( liileimieyur and Lippmann"). 
Rotation in a<iucmis solution in piesencc of acid or alkali. 


I''rom silk ; 

21 per cent. IICl 451, / 16.2', ('fvj,, 7.9«‘’ * 

ir.6 piT cent, KOII 5.S, ^<>.5, 9.01 

xr.6|H»rmit KOH 16.1, 8.86 

Krom butit luolusscs ; 

at permit HCl 3.9a, / ati’, [^v]„ 

From couKlutin : 

at permit. HCl 5, 

t per mit, HCl 5, " 15.6 


A iiKht-it)Utinj» tyiosin is known, [a]n I 6,85,* but 
whethfi or not this is a |K)sition i.somer has not been deter- 
mined. 

CvsTiN (SC( CII,)( NH.)(C()()II)), 

Dissohed ni .uutuoniii 1 for], 141 r “ 

Dilute hydrtK'hloiu* iu'kI . / <J. 8 1 <> a, [ 20586"” 

Dilute hvtlrnohlone and . . 1 21^, ** at 

/)*; ompht^u vlnu / < npiu) it . It ///, 

OH, C()NH.C(SC,H,ni )(CII,) COOH. 

Vleohol /t 12 to IS. I 6.7' 

Dilutt* NtiOU . 25, j 6. 1 

Phniyhit'rtaphfut Uni, CII,C()NIl C(vSeVI,)( CII, )COt)H. 

Ah*i»hf»l p id, 9 V’ 

Na Salt, CII,C()NII,C(SC„II,)(CII,,)C(K)Na, 

Mkalitie solutum p 8, [ I 4 

I PujkeulH*inri . Hi*i it fht’iti <»ph, *7, shd 

^ fbhi*, 17, 

Ann Chrm ({.ipIuk). Jiiy, r/t 
< Mnntlinrt ; MoimtHh Chetii , 3, na* 

^ l«niuloU ; IUm il, eheni. Och., 17, aHaM. 

* Hi'hiil/e uml tUnwhiuit /tHi'hr piiyHinl. Ciiem., 9, gs, 

^ }«lppnmiin \ 4. ehem. Opm , 17, as^y, 

** Kiil« . fill Itiotngie by KlUtne aiuI Vtitt, ao [N. P. aj, y. 

* MnutUner: /.tHchr. pliyntol CJiem., 7, aa^s, 

1*^ nttnnmtm Jlhtd « 8, 305. 





Bro^nphenylcystehi^ (NHJ (CHg)C(SC„H^Br)COOH. 

Dilute NaOH = 9. 3 7® ' 

10. Acids with Five Atoms of Oxygen 
Malic Acids ^ CO^H CH.OH.CHa.CO^H 

NATURAiy Mawc Acid, commonly known as /-malic aci 
This was first investigated by Pasteur'^ in aqueous solution 
found to be left rotating I^ater investigations by Schne. 
showed that the left rotation decreases with increasing > 
ceiitration, that inactivity is reached with p ■==- 34.24, and 
then right rotation follows The dependence of the spe< 
rotation on the percentage amount of water in the solutu 
is shown by the formula, 

[nr]S‘ - 5 891 — o 08959 q{,q=^lo to 92), 
which gives, for example, the following values : 


Q 

P 

1 — \ 

9 

P 

[«]?;. 

30 

70 

+ 3- 203® 

70 

30 

~ 0.380*- 

40 

60 

-f 2.307 

80 

20 

— 1 276 

50 

50 

H- 1-412 

90 

10 

~ 2 172 

60 

40 ; 

+ 0.516 I 

95 1 

1 

5 

— 2 620 


According to the above formula, the anhydrous malic ac 
must have the rotation, [<»]/, = -j- 5 39, and the subs tan 
must, therefore, be considered as right rotating. As shown 
§63, however, the right rotation may possibly depend on tl 
formation of crystal molecules, and as the ordinary aqid sho\ 
left rotation in other liquids besides water, acetone and meth 
alcohol for example, it is advisable to retain the old designatic 
of /-malic acid to avoid misunderstanding. 

The right rotation of concentrated solutions is diminishe 
by increase of temperature, but the left rotation of dilute solt 
tions, on the other hand, is increased A solution with pei 
centage strength/ = 28.67 is right rotating below 15®, bu 
left rotating above. For further details see §60. 

On the rotation dispersion of malic acid see §46. 

1 Baumann Ber d chem. Ges , 15, 1731 
“* Ann cliim phys , [3], 31, 81 
« Ann Chem. (I^iebig), ao7, 361 
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For the rotation of solutions in acetone and methyl alcohol, 
Walden' found : 

Acetone t==i3 3, [a],, = - 5-o to-s 34° 

Methyl alcohol 30, — 2.78 

Influmce of Sulplmric Add and Acetic Actd on the Rotating 
Poiver of I- Malic Add, — According to the experiments of 
Schneider,^ the left rotation of dilute solutions of malic acid is 
decreased by addition of increasing amounts of the acids named, 
and after passing a point of inactivity, an increasing right 
rotation follows. The following figures were obtained, which 
are given in connection with the value of [«]/j for the pure 
aqueous solutions • 


I Sui^PHURic Acid. 


Compositiou of the solutions ni 




C^HnOo 

per cent by we 

HflO 

ighl 

HoSC),. 

Mol HaS04 to I 
mol QHflOfl 
- 1 - 100 mol HoO 

Found 

Ms- 

without 

H2S04 

676 

90.77 

2 47 

i 

— 1 33° 

— 2 46^ 

639 

88.58 

4 S2 

1 I 

~ 0 76 

— 2 48 

644 

86.50 

7 06 

! '' 

— 0 20 

— 249 

6 29 

84.51 

9 20 

1 2 

+ 0 21 

- 2 50 

6.15 

82 61 

II 24 

! 

4 084 

— 2 52 



II Acic^ic Acid, 



CoiiiposiLioii of the solutions in 



[“]/) 

per cent by weight 

Mol C.jH40a to I 

Found 




mol C4HoOft 
f 50 mol HoO 

[«]/"- 

Without 

CaH403 

C4HoOr, 

IlfiO 

CnH(Og 

TO 04 

67 47 

22.49 

5 

- 1 35° 

— 2 17° 

S 20 

55-08 

36 72 

10 

— 057 

- 2 33 

6,00 

40 29 

53-71 

20 

-1 013 

-2 53 

5 39 

35 52 

59.T9 

25 

H 014 

— 259 


Rotation wUhotit Addition of a Solvent, — Prom the formula 
of Schneider, above, which shows the dependence of the 
specific rotation of aqueous solutions "Sf malic acid on the con- 
centration, it follows that the acid must be right rotating in 

1 Ber. d, chem, Ocb,, 137 
« Aim. Chem. (I/iebig), ao7, 279 


anhydrous condition, and show [cirjy, ~ -f 5*^9^ ^ 

perature of 20° 

Walden^ has been successful in observing tliis right rotat 
by rapidly melting the acid at a temperature of 100® to i \ 
and pounng it into a glass trough with parallel end surfac 
In the hot condition the liquid mass rotated to the left, I 
after cooling, the rotation was to the right. The followi 
rotations, referred to a layer i dm. 111 thickness, were foinul 
the I^andolt ray filter method 


Tempeiatiire 



90 ®- 95 ® 

1711 

Red 

.... -4.4“ 

1 3 - 5 “ 

Yellow (Z?) .. 

'••• -5.5^ 

1 5.2" 

Green 

... -- 6.1® 

1 6 . 8 " 

Light blue 

.. -- 7.0® 

1 7.7” 


The fused mass when dissolved in acetone exhibits le 
rotation, and the more strongly, the longer the heating wt 
continued ([ar]^ = — 8° to — i6°). This shows the hegii 
ning of anhydride formation 

AlieraUomntheAcidon Ifeating.--A.s Waldeir foniul, niali 
aad, when heated in the dry condition to ioo° for twenty- foil 
hours, or when heated through a shorter time to i6,s“ in vacuo 
is converted into a tribasic anhydro acid, while at i 

higher temperature (180°), a dibasic acid, C„H„0„, is formed 
The two auhydndes show strong left rotation when dis 
solved in acetone, amounting to [«]/, = — 19 to 2 ^^, while 
the original acid shows [<»?]/) = — 6° to -- 7®. 

RoMtoii of Make Acid in Different KxjierimciUs 

on this point have been made by Nasiin and (lennari" and 
^. especially, by Walden/ By help of ray filters, the latter 
found the foUowiug specific rotations, from which the eon c- 
sponding dispersion coefficients, Dc, referred to IVrl , i 
were denved. All the values obtain for a temperature of i8».' 
Mlutio^’ of grams of malic acid in too ce. of 

^ Ber d chem Ges , 33, 2849 (1S99) 

2 Ihtd , 3», 2706 (1899) 

« Ztschr phys Chem,, 19, 117 
^ Ber d chem Ges , 33, 2856 (1899) 
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It was found that the rotating power of /-malic add is sub- 
ject to extremely great variations. 


Solvent 

Benzyl alcohol 

12. 

ivol benzyl alcohol, 

I vol benzene. 

3vols benzyl alco- 
hol, 2 vols. carbon 
disulphide 

L, 

6 

4.8 

[or] Red 

-f 2.7® Dc^i 

-|- 1 3® Dc—x 

H- I 8° Dc—x 

Yellow 

-1-40 IS 

+ 3 25 25 

+ 3-4 19 

Green . . . 

■f 5.5 2-0 

-b 4 75 3 7 

+ 4-4 2.5 

I/ight blue 

- 1-7 7 2 - 8 s 

-i- 6 75 52 

-h 6.5 3-6 

Dark blue* 

-f- ir 0 4.1 

- 1 - 97 75 

■+-85 4.8 


In the above cases, the /-mahc add exhibits right rotation 
with strong rotation dispersion. 


Solvent 

Cryst formic acid 

Acetone 

c 

766 

38.3 

1 18° 

. “3 1 
i = 0° 


[cr] Red • . . • 

-37“ 

— 08® 

— 5.0® Dc^i 

-46® 

I 

Yellow D - 

--46 

—07s 

— 60 12 

-55 

I 2 

Green 

- 5 2 

--04 

— 71 1 42 

-67 

1 45 

Light blue 

-59 

a- 0 6 

“75 1 50 

— 70 

1 52 


In these solvents, as in the following, the acid is left-rotating 
With formic acid the rotation decreases with the concentra- 
tion and becomes even positive for the blue rays. 


Solvent ^ 

3 vols acetone, 2 
vols, benzene 

Phenyl-methyl 

ketone 

I vol phenyl-methyl 
ketone, 1 vol 
paraldehyde. 

c 

944 

5 

S 

[or] Red * * -* 

— 4.0® 

-3.6“ 

— 3 0® 

Yellow D*\ 

— 41 

— 40 

— 3*0 

Green * ** 

— 4.1 

— 40 

— 30 

Light blue 

— 4.2 

-46 

— 3.0 


In the above liquids we notice the very peculiar phenom- 
enon that the rotation is nearly the same for all rays. T^he 
same behavior was observed by Nasini and Gennari for 


34 


Xit 


aqueous solutions of malic acid having a concentrati 
c— 8.48.' 


Solvent. 

I vol acetone, 1 vol isobntyl 
alcohol 

Isobutyl 

1 alcohol 

1 vol fc 
acid, xvol 
acetat 

r 

II 8 

s 

10 


958 



nc. 


1 

Dc i 


Dc 



[or] Red 

-58° 

I 

—62° 

I 

— 32® 

I 

- 7 * 5 ® 


Yellow D 

-66 

1. 14 

-6.3 

I 

— 3*7 

I 16 

— 89 


Green .... 

-74 

I 28 

-84 

i‘ 35 , 

— 41 

I 30 

— 10.4 


I/ight blue 

— 8.9 

I so 

-85 

1.37 

— 44 

^37 

— 12 0 


Dark blue* 

— 

.... 

— 86 

138 

— 50 

156 


* 


In the above solutions the rotation increases but slig. 
with the refrangibility of the rays ; the rotation dispersio 
consequence is but weak. 


Solvent 

I vol acetone, i vol 
paraldehyde 

Acetaldehyde 

!_ i 

pyridine 

c 

XI 8 


4 


5 

[or] Red 

-13 

I 

- 23 7® Dc = 

I 

— 23 0® Dc^i 

Yellow Z7. 

—17 6 

I 35 

—28 7 

1.21 

— 300 I 

Green .... 

—22,9 

i* 75 i 

—32 5 

i* 33 i 

— 36 0 I 

lyight blue 

—27*5 

2.10 

-38-7 

I 63 

1 

... 


These three liquids which are able to act chemically on t. 
malic acid produce a very strong increase in the left rotatio 
while the dispersion is not greatly increased. 

A substance which has the power of enormously increasin 
the activity of malic acid is, as Walden‘S observed, uran3 
nitrate with simultaneous addition of alkali. The specifi 
rotation with this addition may be increased to 158 times tha 
shown by a pure aqueous solution of the acid of the same con 
centration. It is probable that the high rotation correspond, 
to the alkali salt of a complex uranyl malic acid. Walden hai 
investigated the following ten mixtures of different compo 
sitions, in which it is seen that the maximum of rotation is 
found in solutions Nos, 6 and 7, These correspond to a relation 

1 Zoc at, 

s Ber. d cliem Ges , 30^ 2889 (1897) 
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of I mol of malic acid, 4 mols, of potassium hydroxide, and 
I to 4 mols. of uranyl nitrate, UOaCNOg)^^ 6 H, 0 . 


No 

In 100 cc aqueous solution 

2 dm 

1 — 1 

1 1 

Malic acid 

Potassium 

hydroxide 

Uranyl 

nitrate. 



Grams 

Grams 



I 

0.65 

i.o8 

. , 

— 0 04® 

— 3 ® 

2 

0.65 


10 

— 0 14 

— II 

3 

065 

0.27 

2 

— 1.80 

— 139 

4 

0.65 

0-54 

2 

- 3 ^ 

— 277 

5 

0 65 

0-54 

10 

— 3 13 

— 241 

6 

065 

X c8 

3 

— 6 17 

— 475 

7 

0 65 ! 

1.08 

10 

— 6 09 

-470 

8 

0.65 

I 08 

20 

-581 

— 447 

9 

0 65 i 

I 08 

34 

-5 43 

— 415 

10 

0 65 

I 62 

10 

"-586 

— 451 


By uranyl acetate, with addition of alkali, the rotation not 
only of malic acid, but also that of tartaric acid, methyl 
tartrate, /-quinic acid, and /-mandelic acid is greatly increased, 
and with preservation of the direction of rotation of aqueous 
solutions of these substances On the other hand, uranyl 
acetate produces no increase m activity in ^/-chlorsuccintC 
acid, /-bromsuccinic acid, and ^-amyl acetic acid. The action 
appears, therefore, only when the acids possess a free hy- 
droxyl group/ 

Salis of I- Make Acid 

The specific rotation of aqueous solutions of these has been 
investigated by G. Schneider. * He gives the following formulas 
for the relation of the specific rotation to the percentage con- 
tent of water q holding for the temperature of 20^* 


KH C4H4O6 

7-73-90. [«]z) = — 

0.6325 

— 005562 q 

K, 

38-90, = 

3.016 

— 0.1588 + 0 0005555 

NaH 

39 80, = 

9367 

— 0,2791 ^ + 0.001152 

Nag 

34 - 94 , = 

15 202 

— 0.3322 ^ 0 0008184^* 

EiH. 

50-90, = 

8572 

— 0.3573 q + 0.001868 

Ui 

60-94, = 

26 717 

— 0 6821 q 0 002878 

NH4H. “ 

73-94, = - 

3*955 

— 002879 q 

(NH,)g “ 

37-83, = — 

3315 • 

— 0 005042 q — 0.0005 1 15 g* 

1 Walden 

Ber, d. chem. Ges., 30, 2889 (1S97). 



3 Ann. Chem 907, 266 to 277. 



The specific rotations for a number of solutions are accord- 
ingly : 


p 

9 - 

KH 

Ks 

NaH. 

Na. 

IpiH 

Ifls 

NH4H 

(NH 4)2 

60 

40 

« « « 

0 

ri 

1 

4-005“ 

-f 3 22® 

.... 

• • . . 

.... 

— 4 34 “ 

50 

50 

. e. 

-3.59 

- i“ 7 i 

4-064 

— 462® 

.... 

— 

— 485 

40; 

60 

• • 

-“ 4.51 

— 323 

-178 

— 6 14 

-385° 

... 

— S.46 

30 

70 

- 4.53I 

-5.38 

- 4“53 

4-404 

- 7“29 

— 693 

- 5.97® 

6.17 

20 

80 

— 5 08 

-613 

-5 59 

— 6 14 

-.806 

-9 43 

-6.26 

— 6.99 

10 

90 

— 5 64 

-678 

.... 

— 807 

-845 

—II 36 

-6.55 

.... 


On the inactivity point in the concentration, see §57.* 

For dilute solutions of salts of malic aad see §61 . 

A series of observations on the specific rotation of neutral 
sodium malate has been earned out by Th. Thomsen.® Accord- 
ing to these experiments the point of inactivity is found for a 
strength of 45.63 per cent, of the salt 
Through the presence of free alkalies, the rotation of the 
malates is displaced in the direction, left to nght, that is, the 
action follows in the same direction as with addition of free 
adds. The following expenments by Thomsen® show the ex- 
tent of the change 


[« 3 S 


. ' Of the pure 

^ Na 2 C 4 H 40 , 

After addition 
jOfimol NaOH 
to I mol salt 

Amount of 
change 

28 93 — 4 02® 

1 4- 0 37“ 

4 39 ° 

19 23 — 6 31 

— 40s 

2 26 

10 94 ' —790* 

i -656 

134 


» In using the interpolation formula with three constants, the composition of the 
solution with which inactivity must appear, is most easily found by hnnging the 
eqnatlon.< + = o mto the form pS + and then applying the 

two trigonometric formulas 

1 ^ R 

2 =51110, 

*- ?=tan^J^ 

»J.prakt.Chem,t2],35.i53 
« Loc ett 

* Calculated from Schneider’s formula 
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p 

1 — 1 
y 

1 1 

i 

of the pure 
NaoC4H40^ 

1 After addition ‘ * 
of 3 mol NaOHi 
Itoimolsalti 

1 

27 23 
18 71 
938 

-484“ 
— 639 

— - 8 19' 

+ 10 74® 15 58® 

! + ^ 99 ^3^ 

' 5 09 3 10 


The alteration increases, therefore, with the amount of free 
alkali added, and is the greater the stronger the solution is* 
Solutions which are originally left rotating become in this 
way, easily, right rotating. 

The influence of temperature on the specific rotation of the 
malates is shown, as with the free acid, in displacing the rota- 
tion in the direction right to left for increase in temperature. 
Th Thomsen^ has noted the change for the following salts : 


K2C4H4O5 ' NasC^HiOs 



li 

1 

1 1 

[a]r.a‘ 

P 

loO 

20 ® 

1 

30° i 

p 10 ® 20® 

3 <>® 

3386 

23 25 

16 29 

-448“ 

-518 

-562 

— 5*22° 

— 590 

— 635 

-585'’ 
— 657 
-709 

1 42 75 1 + 0 38° — 0 89® 

1 2860 1—341 —4 52 

. 1951 1—5 30 —636 

1 14 46 1 - 5 98 — 7 07 

— 2 04® 

-558 

— 7 41 

— 7.96 


Barium Malate^ BaC^H^Og 

p — 9 383 S 505 4 994 ^ 9^5 

>1-8 18“ + 8.05° 4- 4 69® — 2 58° 

This salt IS, therefore, right-rotating down to a strength of 
the solutions of about 3 per cent.® 

Amfnontum-Atiiwiotiyl Mcdo-te, NH^SbOC^H^O,, shows a 
very high specific rotation to the right 
Water.. / = 6 845, ^ = 17“, [«L = + iiS.47. 1 < x]d = + 102.64.“* 

1 Calculated from Schneider’s formula 
3 Ber d chem Ges , 15, 443 
a Schneider Ann Chem (Liehig), ao7, 277 
* Pasteur Ann ehim phys , [3I 3 *f 85 




For the action of alkali molybdates and tungstates on j 
acid, see §70, p, 250. 

Esters of l-Malic Acid 

Walden^ gives the following constants for the derivative 
ordinary malic acid : 


Dimethyl malate 

Diethyl 

Dipropyl “ 

Diisopropyl “ 

Diisobutyl 

DW-amyl 

Di-x-amyl “ 

Dicapryl “ 

Dimethyl acetylmalate- . 
Diethyl 

Dipropyl “ . , , . 

Diisobutyl “ . . , 

Dimethyl propionylmalate 
Diethyl “ 

Dimethyl «-butyrylmalate . 
Diethyl 

Dipropyl “ 

Diisohutyl “ 

Dimethyl isobutyrylmalate 
Diethyl “ 

Dimethyl isovalerylmalate - 
Diethyl ‘‘ 

Dipropyl “ 

Diisobutyl ‘ ‘ 

Dimethyl chloracetylmalate 
Dipropyl “ 

Dimethyl bromacetylmalate 
Diethyl ‘ ‘ 

Dipropyl 

Diisobutyl “ 


Diethyl or-bromisobutyrylmalate 

Dimethyl mtromalate 

Malic acid diamide 


dianilide . . . 

II 

di-o-toluide* 


di-^-toluide . 
^^-naphtimide . 


1 Walden Ztschr phys Chem , 17, 248 


Boilmg’-pomt 

mm 

l^°. 

125 ° 

10 

1 2337 

149 

25 

I 1294 

152 

10 

I 4380 

147 

H 

I 0760 

175 

15 

I 0418 

T9I-I92 

20 

I 0176 

I9I-I92 

20 

I.OI79 

230 

20 

0 9761 

157 

35 

1 1975 

145 

10 

I 1168 

162-163 

16 

I 0724 

179 

20 

T 0362 

145-147 

S 

I 1609 

150 

9 

IO95S 


10 

I 1317 

162-163 

12 

1 0736 

I74-I75 

16 

I 0417 

I90-I92 

14 

I 0146 

140 

8 

I 1255 

160 

15 

I 0688 

X58-I60 

1 10 

r 1034 

168 

10 

I 0605 

1S2-I83 

17 

I 0263 

0^95 

16 

I 0045 

IS7-I88 

37 

I 3062 

182-184 

15 

I 1566 

I94-I95 

22 

I 5072 

178-182 

10 

I 3936 

I92-I93 

17 

i 3150 

I95-I97 

15 

I 3023 

IS7-I88 

12 

r 33*5 

188-190 

10 

1-3059 

177-180 I 

12 

I 2850 

(Chloroform, = 

:.^4 0) 

“1 P 156-158, 

ii (i 

water, 

^ = 432 

c-=-8 65 

196 

r=ri 50 

m.p 196 ' 

t f 

^=0 750 

“ 181 ‘ 

‘ ‘ 

d: = 2.oo 

4 < i ( 1 

It 

I 00 

“ 207 ‘ 

cc 

I.OO 

“ 193-195 ‘ 


^=ri,00 




— t 

— IC 

— 13 
— IC 

— JI 

— 6 

- \ 
— 22 
~ 22 
— 22 
— 21 . 
— 22 
— 22 
22 

— 22 
— 22 
- 21 ) 
22 , 

- 21 < 
-22, 

- 22 C 

— 21 £ 

- 19 c 

"-232 

- 235 
“ 22 4 

22 4 

- 22 2 
203 

- 22 4< 

- 24 7< 

- 22.5' 

- 38 8( 
-376 

- 38.0 
-6066 

- 58.66 

- 65 o 

-66.5 
-- 70 o 
-51 5 
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Anschutz and Reitter^ find . 



Boiling-point 
at 12 mm 



Methyl nialate 

122° 

1.2334 

— 6.88° 

Ethyl “ 

129 2-129 6 

1 1280 

55 

«-Prop>l “ 

150 

I 0736 

— II 60 

w-Butyl “ 

169.4-170 4 

I 0382 

— 10 72 

Meth3'l acetylmalate 

131*8-132 

1 1983 

— 22 86 

Ethyl “ 

141 2-14T 4 

I 1169 

— 22 60 

;/-Propyl “ 

158 6-159 2 

1.0729 

— 22.68 

7#-Butyl “ 

177 4-178 2 

I 0430 

-- 19.93 


Piirdie and Williamson^ have obtained nearly the same re- 
sults for some of these esters 

Frankland and Wharton^ have made the following determi- 
nations : 



Bp 

mm 

d‘. 

t 


Methyl benzoyl nialate-*. . 

210-223° 

12 

I 2121 

21° 

-562° 

Ethyl “ 

210-220 

12 

I 1561 

21 

— 387 

Methyl orthotoliiyl malate . 

214-225 

12 

I 1909 

23 

— 894 

Ethyl 

215-225 

12 

T T39I 

21 

— 6 25 

Methyl nietatoluyl nialate 

215-225 

12 

1 1925 

20 

— 6 34 

Ethyl “ “ 

2 1 2-220 

13 

I.T37I 

21 

— 467 

Methyl paratoluyl malate 

200-225 

13 

1 1957 

185 

— 3 14 

Ethyl 


_ 1 _ 

I 1382 

20 

— 0 22 


The densities and rotations were determined for a wide 
range of temperatures and the latter were found to vary greatly 
with the temperature 


d-MAhic Acid Antiiiialic acid 

By reduction of ^-tartaric acid or by resolution of the r-malic 
acid from racemic acid by aid of cinchonine ^ Also from 
//-asparagin by action of nitrous acid.’ 
d-^Am^noniuvi Hydroin a late. 

Water ^ 8, [tr];, H- 6 3 (/-salt [a]/)— — 6 2)« 

i Zthchr pliys Chem , 16, 493 
- J Clieni Soc , 6p, bso 
> Tbid , 75, 337 

* Bremer Ber d chem Ges , 8 , iS 94 « i 3 i SSi 
f» Piutti /bid , 19, 1693 
« Bremer Lot cit 



uj? kutation oi^ active bodies 


^^-Malic acid, from rf-clilorsuccinic acid, shows according 1 
Walden 


Acetone c~ i 6 , [or]/;— ~|- 5 2® 

Methyl alcohol ^^ = 30, “ — 2.92 


^f-METHOXYSUCCiNic AciD, CO^K,CH.{O.CH^) COaH 
Crystals, melting-point 88® to 90®. By cinchonine reso 
Intion of the ^'-acid obtained by addition of methyl alcohol t< 


fumanc acid,* or by strychnine 

resolution.'* 

Water 

.. ^==11 208, 

li 

l-l 

CD 

0 

33-30' 

{ 1 

. e— s 586, 

t = 18®, 

“ — + 33-04 


. 0=^24. 65, 

^=15“. 

“ = + 3259 

(( 

. c = 16.0S, 

i = 14”, 

“ -~ + 38-79 


8 76, 


" •= + 32-70 

Acetone 

.. <?— 24-96. 

/= 11 °, 

" = + 5710 

(( 

.. c~i& 77 , 

/ = il°. 

“ -= + 5829 

u 

. c — 10.30, 

o~ 

11 

“ ■= + 5803 

n 

... c~ 4.>3. 

/ = i4“, 

“ =^ + 59-49 

{( 

.. c— 1.65, 

t = 14°, 

" = -f- 60 09 

Bthyl acetate 

... e-= 20.54, 


“ = + 63 48 

li (( 

... <7 = 1587, 

i -=z 120, 

" =4 644s 

It It 

. e— 892, 

/ = I 2 ®, 

“ ~ 4- 64.64 


Sal^s —In the following data by Purdie and Marshall, the 
concentrations refer to the anhydrous salts ; 


A ad Potassium Salt^ cr3ystalline.” 

Water 4.010, t 185®, 

ir=: S 150, t — 18®, 

Normal Potassium Salt^ crystalline.^’ 

Water 5.019, ^ = 145°, 

“ c^Z 7 162, t z=^ 15.50, 

Aad Ammonium Salt^ crystalline.” 

Water 6 064, t — 14®^ 

Normal A 7 n 7 nomum Salt^ crystalline.” 

Water 2823, /=i4®, 

“ 5762, 

1 Ber d chexn Ges , 29, 137 

2 Purdie and Marshall J Chem Soc , 63, 217 

3 Purdie and Bolam Ibid , 67, 946 
Purdie and Marshall 

6 Purdie and Bolam 
® Purdie and Marshall * 


l« 2 n — f 23 46® 
“ ^^- + 2326 


[«]/)=+ 936° 

“ -=+9 54 


[«]^= + 25 86° 


[«]/)-- 4- 12.22° 
" = + 12 32 
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Calmim Salt^ crystalline.^ 

Water c— 5308, ^ ^ [a:]/) ^ ^ 10 ro® 

Bamim Salt, CrjHgOg.Ba + ^HjO, crystalline ^ 


Water, 

r - 26. 1 25 ( anhydrous ) , 

i^ = i8®, la-]n--=-- 

14.27 

11 

c= 12.416 “ 

/f=:l8®, 

7 36 

ii 

5.746 

t= 18°, “ = - 

2 21 

C( 

1. 149 

-s. 

1 

M 

00 

0 

II 

+ 

3 16 


Cinchon%7ic Salt, Cj-H^Ofl.CmHjgNgO Crystals, melting-point 
171® to I73^' 

Water ^ “ 4, t 'it , [a:]z)= + 154*89® 

Methyl Ester, a?" =::= i 1498, [«]/j = + 52.51.® 


/-Mfthoxysuccinic Acid Crystals, melting-point 89°. 


Water 

. c = 10.806, t = 18°, 

[a]2,= — 32 94'“ 

(I 

.. c ~ 22.035, t — 15®, 

“ = — 32 70 

H 

(< 

. . i = 7 927, i — 15°, 

“ = — 3242 


Acetone 

. ^7=25588, i?-=II®, 

“ ^ -5625 


u 

. . c~is 614, t - 13“, 

“ = —58.18 


Ethyl acetate. 

- 25 5II, t “ 11°, 

“ =: 61 90 


It <( 

. < = 19 077, t = IS", 

“ — 62 93 


Salts , ^ 



Add Potassnim Salt , crystalline. 


Water. . 

. r ~ 4 046, t =. 18®, 

[«]/,= — 23 59® 

u 

. c - 4,083, 

“ — — 23.49 

Acid Ammommn Salt , crystalline 


Water 

. . r = 8 774, t — 18°, 

-2585® 


Calmwi Salt, crystalline. 

Water . . r ^ 5 482, i - 13°, m 03® 

“ ... . r 2 210, / = 14 5, “ = -I- 4.30 


Some esters have been investigated by Purdie and William- 
son.^ 

Ethyl ester 0705 » [a]/; =r — 50 11° 

Propyl ester = i 0419, “ = — 45.21 

iV-Butyl ester ^ i 0419, “ — 41.63 

J Purdie and Marshall. 

a Purdie and Williamson , J, Chcin. Soc,, 67, 971 
•* Purdie and Bolain 
* J Cheni, Soc,, 67, 971 


KOTATION of ACTIV]® booies 


^-Ethoxysuccinic Acid, C 02H.CH(0.C^Hfl).CH3.CC 
By resolution of the r-acid by Penicillium glanctm,^ or \ 
strychnine * Crystals, melting-point 76° to 80°. 


Water 

^= 11 . 17 , 


[a]i>=-l SS-o*® 

<< 

c= 5-56, 

< = 19, 

“ ^ + 32-54 

ti 

C=r 8-225, 

i = 12-17, 

“ — + 34.4-34.7 

Chloroform • • 

^ = II 6j, 

II 

l-f 

JO 

“ + 47.75 


^ = 4 80, 

/== 12, 

'■ = + 45 55 


4*52, 

if =r II, 

“ 1- 44.17 

(( ^ ^ 

c = 1.60, 

II 

" ^- + 39.40 

Ethyl alcohol 

c = xi.Sr, 

t ^ II, 

“ ■= + 60.57 

Ethyl acetate 

c ^ 5-20, 

18, 

“ -= + 699-705 

Acetone 

9 - 57 , 

14, 

“ = — 63.39 

it 

c = 3*83, 

^ = 14. 

» == - 64 87 

(C 

1.53, 

i = 14, 

" 6648 


Salts? 

Acid Potassium Salt, KCgHgOg + H^O , crystalline. Meltni 
point 160® 

Water ^ 3 93 (contains water), / -- 19®, [«]/>= 1-26.4 

Acid Ammonitim Salt^ NH^CgHpOp + H^O, crystalline. ‘ 

Water 8 13 (contains water), t — 15®, [<r]i3 — |- 28 6' 

“ ^=459 ** " ^ 16, “ "-l-agot 

“ ^=258 “ “ if = 17, “ I- 28 4^ 

Nonnal Ammonium Salt^ (NH^)2CfiH„06, cr3^stalline 

Water ^ = 5 22 (anhydrous), ^ ~ 14 5°, [rr],!)= j- 18 29 

“ ^7=148 " “ -+18.93 


CalaumSalt, CaCgHgOg, crystalline. 

Water c -304, if = 15®, [a]/^ - H- 8.39® 

“ if = 15, “ = + II 44 


Barium Salt, BaCgHgOg (at 160°), cryvStalline 

Water r •=: 4 56, / = 18®, [or]/, + 6 37® 

“ ^ = 10 77, if = 18, := + 2 46 

“ ^=2508, if = 19, “ =~-4'37 


Esters? 

Methyl ester = 1*1055, [a]/>-= + 59.86® 

Ethyl ester = 1.0418, “ = + 55.29 

1 Purdie and Walker J Ckem Sdc , 63, 239 
3 Pwrdie and Williamson Ibid , 67, 963 
Purdie and Walker Loc, cti 
* purdie and Walker 

^ Purdie and Williamson J Cheiii Soc , 67, 971 
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/-Ethoxysuccinic Acid Solutions in water. ^ 

Acid ammonium salt. ... p ==2 5 =r — 26.05° ^ 

Methyl ester — 10996, “ =- 60.92 


Propyl ester =1 0226, “ — 51 20 

iV-Butyl ester d\ —1.0045, “ = — 4643 

Ethyl estpr = i 1045, ** = — i 44 ^ 


Ethyl Ethoxy succinate. See Purdie and Pitkeathly.® 


Propoxysuccinic Acids, C 02 H.CH (0 C 5 jH,).CHa.C 02 H.® 


df-Acid. Water 

f ~ 7 56, 

/ =- 12°, 

[a]z)— H- 36.04 

df-Acid, potassium salt. 

C — 3.815. 

t — 18, 

“ = + 32 30 

df-Normal salt 

f = 3 66s. 

t = 18, 

“ = + 17 26 



c — I 833, 

/rr. 18, 

“ = + 18.69 

/-Acid Water 

^ = 7 760, 

t = 12, 

“ = - 36 40 

(t (C 

r 3 104, 

t ■=. 12, 

“ - 36 24 

/- Acid. Acetone .... 

c = 5.688, 

/ = I2, 

“ — 63 29 

(C <I ^ _ 

C 2 275, 

t ~ 12, 

" — 64.39 

/-Barium salt Water . . 

c^l 649, 

/= 18, 

” = — 10 00 

(( i( <( 

c^\ 460, 

/ = 18, 

“ = — 1045 


Propyl Propoxy succinate. For the preparation and optical 
behavior of this ester see Purdie and Eander.' 


rf-CHDORSUCCiNic AciD, COjH CHCl. CH^.CO^H 
From ordinary malic acid by action of phosphorus penta- 
chloride Melting-point 174° 

1. Water . ... = c - 16 6.4 32 

[<2:]/)= + 20 6 -f 20 8 -[-213°® 

2, Water r 6 66 “ + 20 27 y» 

Ethyl acetate =■- 10 “ -f’ 52 70 

“ “ 6 66 “ ' -H5285 


Derivatives 

Anhydride, CO CHCl CH^ CO. Melting-point 80®. 

Ethyl acetate c = 10, [a]y^ = + 30.85 P 

“ ^= 5 , “ = + 33 60) 

' Pm die and Walker * J Chem Soc , 63 1 238 
2 Purdie and Walker, 

'* Purdie and Williaiiisoii J. Chem Soc., 67, 972 
Walden Ztschr phys, Chem., I7» 252 
J. Chem Soc , 75, is 7 

« Purdie and Bolam , J Chem Soc , 67, 949 
7 J. Chem. Soc,, 73, 288 (1898) 
s Walden : Ber. d chem Ges., ad, 225. 

^ 0 Walden . Ztschr. phys Chem , 17, 253. 



uti DOTATION OF ACTIVB BODIES 

Chloride, COa.CHCl.CH,.COCl. BoiUtig-point 91° t 
(iimm.), df = 1.5002, [a]z)= + 29-53-“ 

Dimethyl ester.. B p. XI4-II5 (17mm ). ^‘*555. [«]x>= + 4 

Diethyl ester. .• “ 130-131(20 “ ), “ — i.i493. “ I" 3’. 

Dipropyl ester... “ 148 (20 “ “ =109*5, “ =+*; 

Diisobutyl ester. “ 162-164(17 “ ), “ i.o524> “ +*> 

Diamyl ester.... “ 190 (*5 “ “ =10319. " = + « 

/-Chlorsuccinic Acid. By action of nitrosyl chloridt 
/-asparagin Melting-point 174.°.’' 

Water..... . ... ^ — 9 * 3 , ^ “ 19°, [*i 3 r*= 19*87 • 

<f-BROMSucciNic Acid, CO3H.CHBr.CH3.COsH. 

From ordinary malic acid and pliosphorus pentabromide 

Dimethyl ester. . . B.p. 129 (23 mm,), So.l 

Diethyl ester . “ I43 (*9 “ ). ‘^= ? > “ = + 4° S 

Dipropyl ester .. “ I53-IS4 (18 mm.), rf== 1 3010, “ = -|- 38.C 

/-Bromsdccinic Acid By action of nitrosyl bromide 

/-asparagin Melting-point 173®.' 

Ether r = 5 33, — 87 9*° 

Ethyl acetate r = 6 66 to 5 33, = — 72.7 to 72 6 

Mmamtde, COsH.CHBr.CHs.CONHs. 

Alcohol f = 6 66, [a:]z,= — 67 12“ 

Ethyl acetate r = 6 66, “ = — 67 57 

20 per cent aqueousH3S04, ..^=300, “= — 443 

rf-AsPARTic Acid, CO3H.CH3CHNH3.CO3H. From 
asparagin. In bydrochlonc acid solution, left rotating. 

/-Aspartic Acid. Ordinary acid. From /-asparagin 
I. Solutions m water are ngbt rotating at the ordinary ten 
perature, at 75° inactive, and above that, increasingly le 
rotating.® See §60 For /= 20® and 0.5®, [a]/, = - 
4.36®. Stated earher by Becker* to be left rotating. 

1 ‘Walden Lac ctt 

2 Walden Loc ctt , and Ber d chcm Ges , a8, 1289 
Tdden and Marshall . J Chem Soc„ 67, 494 

* Walden Ber d chem Ges , aS, 1290 
-» Walden * Loc, ctt 

» Walden • Ztschr. phys Chem , 17, 254 

* Walden * Ber d. chem Ges » 38, 2769 

* Cook Ibtd , 3O4 204 
» Ibid , 14, 1033 
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2. Solutions in aqueous acids exhibit right rotation/ Becker® 
investigated the following solutions which contained • 


For I Moi,. of AsPARtie Acid. 


I 54 to 64 mol. 
water 

-h n mol HCl 


2 303 mol 

water 

+ u mol. HfiSO^. 

i. 

!l 

IH 

+ 30.0° 

n = 0.5 

1 

i + 21.8** 

1*5 

+ 326 

06 

+ * 4.2 . 

2 

+ 334 

075 

+ 38.6 

3 

+ 34-0 

I 

+ 28.8 

5 

+ 33 9 

3 

+ 31 5 

6 

+ 34.0 

5 

+ 32 0 

• • 

. • . • 

10 

+ 33.5 


3. Solutions in aqueous alkalies are left rotating.'* Becker* 
found for solutions which for one molecule of aspartic acid con- 
tained . 


a 277 to 285 mol water 1 
I to 3 mol, NaOH 




9.07 to 9 04® 


b 302 mol 

water + i 

mol. 

NH, 

= — 9 . 2 ‘ 

“ 9.4 

(( f < 

“ 4 - 3 

<( 

(( 

C( l( 

" H 5 


( 1 

9.^ 

<i (< 

" -f 15.1 

( ( 

CC 

“ = — II I 

<( Ct 

“ |- 20 2 

<( 


“ == — 12.1 


^f-/S^-AsPARAGiN, CONH, CH,.CHNH, CO,H. 

For formation see BischofF and Walden ** 

Water = + 5 41 (/-Asparagin = — 5*43) 


/-)8-Asparagin Ordinary asparagin 

In aqueous and alkaline solutions, left rotating, 111 acid solu- 
tions right rotating/ 

The following determinations were all made by Becker/ 
a. Solutions m water • 

p = 0.705 I.ooio [a ] ?? = — 5 95 

1.049 1.0025 — 5.42 

1409 1.0043 — 5*30 

1 Pasteur: Ann cliim phys , [3], 3 *» Sj: « 34» 30. 

3 Ber. d. chem. Ges , 14* 1038. 

» Pasteur : Loc. ctt, 

^ Ber d. chem. Ges , 14* X037 
**Haiidb. d. Stereochemie," 1894, p, 320 
* Piutti . Ber. d. chem Ges , 19, 1^3. 

^ Pasteur • Ann. chim. phys , b], 3i» 75* 
a Ber. d. chem. Ges., 14, X030 
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b. Solutions in dilute acids . 


To I Moi, Asparagin + 300 Moi,. Wa^i?er 


Mol HCl 


I Mol H2SO4. 


Mol C«H40a 


I 

+ 26 4 

05 

+ 23 1 

1 ^ 

— 3.49 

15 

+ 304 

1 ® 75 

+ 273 

2 

— 3.10 

2 

+ 31 5 

. I 

+ 395 

5 

— 1.45 

3 , 

+ 319 

3 

+ 320 

7 

— 0.59 

5 

+ 323 

5 

+ 34 3 

I 10 

0.00 

10 

+ 33 3 

10 

+ 35-5 

15 

+ i.ir 

15 

+ 33 7 

•• 

.... 

20 

+ 2.63 

20 

+ 34 3 

• 

. . . 

• • 

• • “ • 


While hydrochloric and sulphuric acids produce strong 
right rotation, small amounts of acetic acid produce left rota- 
tion. This last decreases with added acid and is finally 
changed to right rotation. That the addition of acetic acid 
under certain conditions of concentration may cause the rota- 
ting power of asparagin to disappear was noticed by Champion 
and Pellet.^ 


c. Solutions in dilute sodium hydroxide. 


In 100 parts of solution 

Mol, proportions 

dr 

1 — 1 

1 1 

1 

Asparagin 

NaOH. 

H2O 

Asparagin 

NaOH 

H2O 

10 

I 

3 j 

87 0 

I 

I 

63.8 

r 0584 

— 864 

10 

6 I 

‘ 839 

I 

2 

615 

I 0915 

— 6 69 

lo ' 

91 i 

809 

I 

3 j 

59 3 

1.1232 

—63s 


<^-Gottaminic Acid, (^Q^g»>CH.CH,.CH, CO^H 

t = 21", [«]/> = + 10.2" 

^ = 4 (supersaturated), / = 23, “ = +10.6 

Dll ujtnc acid.... t = 4, 32, “ = + 29.9 

Calcium Salt, CaCjHjNO^ lyeft rotating. 

^ = 503. if =20", Ca], 5 =- 3 . 7 " 

Hydrochloride, QjH,NO*.HCl. 

^ = 4 , i = 21°, [a]i> = + 20.4“ “ 

* Compt rend , 8», 819 

* Scheibler Ber d. chem, Ges , 17, 1728 
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/-Gbxjtaminic Acid. From the racemic add by means of 
Penicillium glaucum In loo cc. 9 grams. HCl + 5 grams 
glutamimc acid, {ct\D — — 31. i.* 

fl?-GDXJTAMiNB, CHj. CH,. CO. NH,. 

In 200 cc. 0.45 grams HaS04 + 5 grams glutamine, \_ cx]j = + 30 o * 

“ 100 “03 “ HgCA + 27“ “ “ = + 18.3 

O 1 

^-Pyrogi.utaminic Acid, ^>>CH CHj.CHj CO. 


Water ^ = 2 665, t = 25°, la\n = + 7®* 

l-Acid [«]/?=: — 6.1* 


Shikimic Acid, C^HjoOg. Cyclic. Needles. Melting- 
point 184°. The following observations were made by Eyk- 
man.'^ 


Water. . . , c 36 26, ~ — 204 4®, c = ir.19, [ a \ == — 187.9® 

30.73, —2015, 7-53 —1867 

21.71, -1955, 5 93 —1847 

13.12, —190.0, 403 —1838 

From winch is calculated { a]D — — 183 3 — o 65 ^ 

Solutions in acetic acid, and especially in 50 per cent, sul- 
phuric acid, exhibit increasing rotation ; but tellurous acid de- 
:reases the rotation m marked degree, while selenous acid 
leaves it unchanged. 

Ammonmm Salt, ( NHJ C.rH„Og. Rhombic prisms 


Water ^ = 32 00, [a:]/> = — 189 7® 

5 23, — 172 I 

Triaceiylshikimic A cid, C,H^Og ( C^HgO ) g. Amorphous. 

Absolute alcohol ^: = 5*496, [«]z? == — 170 0° 

3.482, — 169 6 

“ “ 1.4511 — ‘ 170 2 

Benzene 7 * 255 i 191 ' 

“ 4.230, —1917 

“ 2,392, — 192 I 

Chloroform 3 482, — 1 89 7 

“ 4 222, — 189.2 


1 Scliulste and Bosshard Ztschr physiol, Chem,, 10, 143 

2 Schulze and Bosshard * Ber d chem Ges., 18, 390 

3 Meuozzi, Appiani Rend Acc I^inc., 1893, II. 421 
^ Menozzi, Appiani . Gaz chim ital,, 33, XI, X05 

Ber d. chem Ges-, 24, 1278 




Tt^propionylshikimic Acid, QH^OgCCaHgO)^. Amor] 

Absolute alcohol ^:= 7 361, [a]jr)= — 159.1* 

“ “ 3 6S0, • -- 159.0 

Benzene 7*125, — 172.8 

“ 5 360, ^ 173.3 

Tnisobutyrylskikimic Add, 0^11^05(0^11,0)3. Amorp 

Absolute alcohol ^=9.314, — 146.1® 

Benzene 7 247 , — 157 9 

Shikimic And Bromide, O^HgBrOg. Hemimorphous, 
agonal needles Melting-point 235 ° ( uncorr. ) . 

Water c = 8 , [or]/) = -f- 22° 

Hydroshikimic Acid, O^HiP., Monosymmetric pr 
Melting-point 175° (nncorr.). 

Water . p = 16.515, = 1.054, t = 23®, [or]/, 35 8® 

After dilution with an equal volume of water, [a 
— 18 2° 

Hydroshikimic Acid Dibromide, 'C^HjoBr^Og. Rlio 
sphenoids. 

Water ^=14263, if == 16®, [or]/, --r 58® i 

or-ISOTRIOXYSTBARIC AciD, 0„H33(OH)3COOH. 

Glacial acetic acid. . /: = 10 to 15, [or]/, ==: — 6 25 to 6.0 


II. Acids with Six Atoms of Oxygen 
For the aldehydes, see group 16 (oxyaldehydes, sugars 

Arabonic Acid, I,eft rotating. 

In solution passes gradually into the lactone. On the cU 
in rotation, see §75 


StronHum Salt, SrCC.Hfi,), + sH.O. Crystals. 

Water . t = 4 353 (at 100“), i = 2o°, [a]i>= + i.ge"* 

Anhydride, C^HgOj. Crystals. Melting-point 89° 

Water... [«>= — 6337* 

Water . ^ = 9 45. = t.0316, t = 20®, [«]/)= — 73.0°* 

1 Bylcman 


“ Walden Ber d chem Ges , 37, 3471. 

> Allen and Tollens Ann Chem (laetae), ado 
* Bauer . J. prakt Chem , [j], 34, 47 
- Macher, Moty Ber d chem Ges , 34, 421s 
‘ Fischer and Filofy * 


>313- 
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Ribonic Acid, CgHjoG^. 

Cadmium Salt, C<i(C6HaOj2 (at loo®). Fine needles 

Water /-=2o°, [a:]/)= + o.6° ^ 

Anhydride, CgHgOg. Crystals. Melting-point 72° to 76®. 

Water ^:=. 9.340, 2? = 20°, [«]/>=:■- 18,0® “ 

The rotation remained twelve hours unchanged. 

Xywnic Acid, CgHj^Ou. See §75. 

Strontium Salt, SrCCgH^OJ^ + 6H2O. Crystals 

Water c = 4.305, (at 100®), f -= 20®, [«]/?= + 12 14® ® 

The rotation remained constant. 

Tyxonic Acid I^actonb, CgHgOg 

Water . p = 9,783, rf == x 035, t = 20°, [a]/) = + 82 4° * 

GIvUCOSacciiarinic Acid Anhydridf), Saccharin, CgHioOg. 
Made from dextrose by heating with lime.’’ Rhombic prisms. 
Melting-point 160° to 161°. 

Water .... [tt]/) = = -j- 93 1® » 

Water.. . ™ 12 077, i 0365, if ~ 17 5®, [a]ij-' 93 8°^ 

Water .. r “ 4 257 (100®), / — 20®, [o:]/) + 93 05° )® 

“ 3 688 “ , “ , -1-9312 j 

On standing, the rotation is decreased because of change into 
the acid. See §75 The rotation diminishes also on elevation 
of temperature.” 

The salts rotate to the left. Scheibler gives for the sodium 
salt “ 17 2°, and for the calcium salt — 5 7®. 

Madtosaccharinic Acid Anhydridk, Isosaccharin, 

C^H^yOr, Monoclinic crystals. Melting-point 95°. 

Water p - 9 471 (an dry), d"^ ” ^ 0302, t -20°, -= I-61 88®^® 

Water i to (an dry), t - 10®, [cr]/j - -[ 62 97® 

Shows no multirotation 

* Fischer and Piloty 
- Fischer and Piloty I oi cU 
^ Allen and Tollens Loc nt 
^ Fischer, Bromberg Ber d chcm Ge*i , 39, 5S3 
Kiliani Ibzd , 15, 2954 
« Peligot Compt rend , 90, ii/ji 
7 Scheibler Ber d chem Ges , 13, 2316 
« Herrmann, Tollens Ihtd , 18, 1333 
« Schnelle and Tollens . Ann, Chem (nlebig), 371, 66 
M Webnier, Tollens /btd , 343, 323 
Schnelle and Tollens 

35 
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Mejtasaccharinic Acid Anhydrides, Mktasacchar) 
CcHjoO-. Rhombic crystals. Melting-point 141 to 142°. 

Water.... ;>=:7.846» 1*026, if == 14°, [‘a']/) ^ 48 4 ® ' 

....^ = 10, ^ = 20®, [«]/)= -— 46 7® 

— 7.0, “ — 46 96® *■* 

Shows no multirotation. 

The parasaccharinic acid of Kiliani* is left rotating. 
Rhamnonic Acid (Isodulci tonic acid), C^HiaOt, See §7, 

ISORHAMNONIC AciD Tactone, CgHioO-. Melting-poir 
150° to isa"’ 

Water 8.903, d 1.032, - — 62 02® ^ 

After twenty-four hours by change into the acid, [«] = 
5-21 

Digitalonic Acid, C„Hj 40„. From the mixture of sugan 
which result from the resolution of pure digitahn. 

Anhydride, rhombic crystals Melting-pomt 138"^ to 139®. 
Water /> = 3 * 3327 » d ~= 1.0084, t ^ 28®, [a:]/i --- — 79 4® 

Tartaric Acids, CO^H.CHOH.CHOH CO,H. 

^-Tartaric Acid. — T he following formulas have been given 
to show the relation of the specific rotation in aqueous solution 
to the concentration c or to the percentage strength p of acid, 
or finally to the percentage amount of water q in the solutions 
I Arndtsen.® Determined by the Broch method for dif- 
ferent Fraunhofer lines. 

[a]c:= + 2.748 + 0.09446 q 
[<t]z>== + 1.950 + o 13030 q 
Ma =:= -h o 153 + 0.17514 q for q =50 to 95, 

[ar]^ -■= — o 832 -(- 0.19147 q and i? = 24®. 

3 598 + 0.23977 q 

[a], = 9 657 + 0.31437 q 

' The formula for [a] ^ according to SonnenthaF obtains even 

, for a 0.2 per cent, solution. 

j ^ Kiliani * Ber d cheni Ges , i6, 2627 

> s Schnelle and Tollens 

I ® Ber d chem Ges , a6, 1649 

* 4 pfischer, Herborn Ihtd , ap, 1964 

s Klliam Ibid , 95, 2116 

fl Ann chmi phys , [3], 54, 403 ; Pogg. Ann , 105, 312 
1 7 Wiener Akad , 100, Abth II b, 573 
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2. Hesse. ^ 

[a:]/) 14 90 0.14 c holds for 5 to 15, t = 15® 

15.11 — oi4<? “ “ 5 i5i 20 

15.22 — 0 14c “ “ 5 “ 15, 22 5, 

in which the middle formula was calculated from the other two, 

3. I<aiidolt,^ 

[«]/) IS 06 — o 131 r, ^ = 0.5 to 15, t =r 20® 

4 Pribram.” 

la}n^ 14-770 — 0.1321 p, / == I to 5, / ^ 20° 

5. Th Thomsen ' 

[«]/) — H 14-154 — 0.1644^ = 20 to 50 ) ^ 

— 2.286 H“ 0.1644 ^ = 50 to 80) 

-I 14.615 — o. 1588 p ^ 20 to so I ^ 

— I 265 + o. 1588 ^ ^ = 50 to 80 ) 

H- 15-050 — o. 1535 p / — 20 to 50 ) ^ 

— 0.300 -h o 1535 g ^ = 50 to 80 ) 

-f~ 15 429 — o. 1480 p / = 20 to 50 ) ^ 

-| o 629 “h o 1480 q ^ — 50 to 80 j 

4 15 784 — o. 1429 p / 20 to sol ^ 

i I 494 '1 01429^ q ~5oto8oJ 

From these constants we have the general formula 
[«] /) (13 096 H o 1139 / — o 00081 — (0.1756 — 0.001135 t)p 

With reference to the concentration c we have 

[a]/) -- 13 436 — o 1 187 ^ , for 22 to 63 and t = 20° 

The value of the specific rotation of tartaric acid at a number 
of difFeient temperatures and percentage strengths according 
to the Thomsen formula, is shown in the following table. 


t - --- 

10® 

15" 

20® 

25“ 

30° 

50, ^ 

+5 93 

-1-6 69 

+7-38 

-1-8.08 

+8.64® 

40 

758 

8 28 

8.91 

9-55 

10 07 

30 

9 22 

986 

10.45 

11 02 

II 50 

20 

10 87 

1145 

11.98 

12.49 

12.93 


On the variation of the specific rotation of aqueous solutions 
of tartaric acid with the temperature, see §60. 

i Ann Cheiu (I#i€big), 176, 120 
^ Ber d chem Oes., 6 , xo73< 

** Math naturw Atoh. d, Berl. Akad., 1887, p 348 
J prakt Chem., [2], 3*1 *^3 


= JO® 

== 15° 
= 20 ® 
= 25“ 
= 30® 
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Salts of Dextrotartanc Acid 
On the rotation of tartrates in dilute solutions, see § 6 r 
Potassium Acid Tartrate^ KC4H6O0. 

^: = 0.615, / = 2o®, [(2r]/>= 22 61® ^ 

In the following observations by Sonnenthal/ T is the 
between the preparation of the solution and the observatic 


p 

“4 • 

T. 

[«]”• 

0 4116 

1.0044 

At once and after 48 hours 

22 119® 

03001 

I 0041 

At once 

20 192 

0 2407 

I.OOII 

At once 

22 241 

(C 

11 

48 hours 

22.379 

t( 

(( 

80 hours 

23 025 

It 

11 

120 hours 

23.025 

; 


Sodmm Acid Tartrate, NaC^HgO^ + H^O 
I. According to Thomsen** the specific rotation decreas 
with decreasing concentration, but increases slightly with tl 
temperature. 


Hydrate 

wr 


i — 1 

A 

^0 

1 I 

P 

c 

12,70 

13 50 

.... 

. . 

\ 

.... 

22 47® 

10. i6 

10 65 


.... 

22.12 

22 19 

889 

9 26 

— 

21.84 

21.8s 

22 07 

7 62 

7.89 

21.85 

21.88 

22 10 

22 29 

6.35 

654 

21 56 

21 84 

21.77 

21.88 


2. ^==4409, M'S = 23.95° anhydrous (21 67 hydrate)/ 
Lithium Acid Tartrate, IyiC4H5O0 + Hj, 0 . 

Anhydrous ^ = 7 998, = 2743+ 

Ammonttcm A ad Tartrate, ^1140411500 

Anhydrous £r =r=: 1.712, =r- 25.65®^ 

^ I^ndolt 

^ Wien Akad , looj II, 510 
® Thomsen J prakt Chem , [3] , 34, 85 
* Laiidolt 
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Thallium Acid Tartrate, TIHC^H^O^ 

[a]g:^=: 12.02®! 

Potassium Tartrate, i H, 0 . 

1. Krecke^ found for the hydrated salt, = 20 and / = 25® 
for different rays • 

=22.04, [«]/)= 26.84, Mi? ^32.95, [ a '\6 =34.96, M7'=39 92® 

The influence of temperature is slight 

2. Anhydrous^= 11.597, W/?= 28.48® (hydrated 27.39)/ 

3. Experiments by Schiitt^ gave ; 


Hydrated salt 

Anhydrous salt 

^ = 40 

[a]S = 28.46“ 

^=3847 

[«]" = 29 S 9 * 

30 

28 08 

28.85 

29 20 

22 

2776 

21 16 

28 87 

20 

27 51 

19.23 

28 61 

10 

26 94 

9 62 

28 01 


This formula follows for the anhydrous salt . 

[nr] 55 = 27 14 + o 0992 c — o 000938 c'^ 

On the effect of addition of KCl and NaCl on the rotation of 
potassium tartrate, §70, p. 245. 

4. Th Thomsen® found these values referred to the anhy- 
drous salt 


P 

c. 

[«] 3 . 

[«]“ 

C«] 3 . 

54.54 

79 24 

30.70® 

30.67® 

30.57® 

36.39 

4655 

30.07 

3006 

30 01 

18.09 

20.38 

29.02 

29.19 

29 26 

9.07 

9.62 

28.34 

2849 

28 65 


From these observations we have the following in terpolation 
formulas : 

'a] g = 27.56 + 0.092s / — o 00065 P 
=s 27.62 4- 0.1064 p “ 0.00108 p^ 

’ar]g == 27 86 + o 0951 p — 0.00099 

1 - Long • Am. J Sci , [3], 38, 267 
a Arch. Nfierl., VII, 1872 
a lyaudolt. 

"* Ber d. chem. Ges , ai, 2586, 

» J. prakt. Chem., [2], 34, 89. 
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Sodium larirate, NajQH^Oj + 2H3O. 

1. Hydrated r = 5 to 15, i— 22.5°, [ar]^, = 27.85 ~ 

L«lc [a]fl la]B [ocli 

2. Hydratedc=20, ^=25®. 20.82 25 79 31.67 32.7c 

3. Anhydrous 9.946, [a] ”=30. 85 (hydrated =2 

4. Th. Thomsen* investigated the following solutions 


HvnsATBD Sai<t. 


p 

c 




MS. 

36-77 

45.51 




.... 

t 32.25 

38.90 




.... 

22.69 

25 87 

• • 

2534 


.... 

18 40 

20.46 

25.54 

25-63 

25.76 

25 90 

13.60 

14.69 

.... 

25.82 I 

.... 

.... 

9,20 

969 

26.01 

26 06 

26.28 

26 22 

307 i 

- 3 - II 

26 19 

26-35 

26.31 

... 


From this we have for NajCjHjOj + 2HjO the interpol. 
formulas 


a 

'd 

s 3 

a 


g = 26 41 — 0,03615 p — o 000617^^ 
g = 26.30 — 0.02020 — o 000963 ^ 

g = 26 65 — 0.03686 p — 0.000693 p ^ 


Potassium Sodium Tartrate, KN'aC4H<0„ + 4H3O (Rod 
salt). 

I. Th. Thomsen* has experimented with solutions made 
saturating sodium add tartrate with 1 mol. KOH and addii 
of V,oo mol. NaOH : 


KNaC 4 H 406 

[«]g. 

M” 

MS- 

P 

c 

33.68 

4235 

2931 

29 33 

29 41 

2527 

2999 

29.46 

29.51 

29 55 

1684 

18 86 

29.59 

29.77 1 

29.80 

8.41 

889 

2947 

29.52 

29.46 


^ Hesse. Arnj Chem (I^iebig), 176 , 122 

2 Krccke: Arch Nfierl , VH, 1872 

3 X^dolt. 

* J piakt Chem , [2] 34, 79 

* /bid . [a], 34, 90 
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From this, calculated by Schiitt, [<y]S = 29.73 — 0.0078 c 
for = 8 to 43. 

2. J H. Long.^ 

^== 5 15 25 35 45 

[a] yj liydrated 2214 22.16 22,12 22,13 22.06 

[or] anhydrous ... . 29.73 2976 2970 29.72 2962 

From this, calculated by Schiitt, = 29 77 — 0.0026 
(anhydrous) for = 5 to 45. 

3. Krecke^ determined the specific rotation of a solution 
with ^ = 20 for different rays ; / = 25°. 

[a]c [a]/) [a:]^ [a']^ [a]^ 

Hydrated c == 20 18 52 22 42 26 49 27 67 32 08 

4. Anhydrous c — 10.77, = 29.67®/ 

Lithium Tartrate^ lyiaC^H^Og. 

Anhydrous ^ = 8 305, [^]S = 35 ^4°/ 

Ammonium Tartrate^ (NHJaC^H^Og 

I. ^=9433. [«]!o = 34 26.“ 

2 Krecke‘ found for different rays 
Anhydrous [a]-s 

^ == 20 31 08 37.09 43 05 45 27 53 76 

Potassium Ammonium Tartrate^ KNEtjC^H^O^. 

i -r 10 515, [fl^]5«=: + 3l U*» 

Addition of NH^Cl and of NaCl decreases the rotation, while 
that of KCl increases it, but apparently irregularly and notjin 
proportion to the amount of salt added.** 


r-20, [£i']y5=3o85® 


Ill 100 cc along with 20 
grams of tartrate 

[«]” 

A 

5 grains NH4CI 

30 66 

— 0 19 

10 “ “ 

30 60 

— 0 25 

5 grams KCl 

3089 

+ 004 

10 “ “ . . 

31 42 

+ 057 

5 grams NaCl 

29 96 

— 0 89 

10 “ “ 

28 51 

— 2 34 


1 Aim J Sci , 36, 353 

2 Arch. N6erl , VII 
« lyandolt 

* Arch N6erl,, VII, 

^ I/)ngr : Am J. Sci , [3], 40, 28 j. 
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Sodium Ammontum Tartrate ^ NaNH4CiH.^Ofl + 4H2O, 
Rhombic columns. 

t = 9 690 (anhydrous), [a]g == 32*65° ^ 

Magnesium Tartrate, MgC4H40e 

^ = 8.818, = 35 86° 1 

Borohydrotartraie, Boryltartrate, Borotartaric Acid, 
BO.H.C4H4O, See §70 

Potassium Boroiartrate, KBOC^H^Og. 

Obtained in aqueous solution by addition of i mol. of boric 
acid to I mol. of potassium acid tartrate 

1, 2,744, [ar]g> = 51.48 )’ 
c = 5,488, MS’ = 58.35 j 

2. c— 5 (dried at loo**) t — 20®, [a]/, = 58.10® “ 

20 ( “ *' “ ) “ “ = 68 29 

<: = 10 (dried over H2SO4) = 59.06 

f=io( ** ‘^ ) ^==29 ==57.29 . 

From the observations of Long there follows according to 
Schiitt : 

[a]/) = 50 67 + I 688 — 0.04036 4 ®, for <; = 5 to 20 

Addition of alkali salts (especially potassium acetate) in- 
creases the specific rotation.® 

Sodium Boroiartrate, NaB0C4H40g 

From equal molecules of HaBOg and NaHQH^Og in aqueous 
solution : 

c— 2538, [a]i° = 55 02°]* 

5075, “ =63.48 I 

(C = ior 5 i, =7147 J 

Arsenyl Tartaric Acid, AsOC^HgOg. 

Made in solution by heating two molecules of tartaric acid 
with one molecule of arsenous oxide. 

c — 12.304, [ a ]^ = 16 91°’ 

1 l^andolt 

^ l«oxig Am J. SCI .,38, 364 
a I^oug. Ibtd , [3], 38, 271 
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Potassium Arseny I Tartrate^ KAsOC^H^Oq. 

Made by heating two molecules of cream of tartar with one 
molecule of arsenous oxide to complete solution, 
c ^ 0,563, = 21 13® 1 

Sodium Arsenyl Tart? ate, NaAsOC^H^Og. 

Made in solution from As^Oa and NaHQH^O^j. 

^ = 3 358, [/»:]/? = 20.64® 1 

Potassium Antimonyl Tartrate^ Tartar Emetic^ 2(KSbO 
C,H, 0 „) + H, 0 , 

1. t= 5 , if= 25 ° [a]^ Mi 

Hydrated salt 111.82 13866 180,39 18739 218.74°.^ 

2. Anhydrous ^ = 5, / = 20°, [of]^ = + 141.27°.® 

3. Anhydrous c = 7.982, [^'l^ — 142.76°, from which 

Hydrated === 138.89.' 

On the effect of addition of alkali salts on the rotation of tar- 
tar emetic, see experiments by Long.'* 

Thalhufu Tartrate^ 2TI2C4H+O8 + Hj, 0 . 

= 5 ' • [or];? -= 4*582°, == 4 758°, [ a ' ljf * = 5 7o4° 

The specific rotation increases with rising temperature and 
also by addition of potassium and sodium salts, especially by 
potassium carbonate.*^ 

Thallium Potassium Tartrate^ TlKC^H^Og 


r ^ 5 

t 20° 

Mz)"= i° 057 °) 
“ -- 8840 [ 

4: = 10 

i — 20 

11 

10 

0 

11 

10 

0 

“ 8173 ) 

r, 

il 

M 

0 

1! 

“ •= 10.092 ^ 


Potassium and sodium salts increase, but thallium salts 
diminish, the rotation, 

1 I^aiidolt. 

a Krecke • Arch N6erl , VII 
a I/ong : Sill. Am J Sci , [3], 38 , 264. 

^ [3], 38, 264 ; 40, 275 See §70, p. 245 

* lyong ! Am J. of Scl , [3] 38, 266, 

fl From this according to Scliutt . « ji 672 — 0,3788 c ~ 0 01025 c*, — 5 to 20 

7 I^ong . Loc at. 
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Thallium Sodium Tartrate^ TlNaC^.H40„ + 4HaO. 

5 (hydrated) / = 2o [a:]z;==. 9.07® 

/r = 2o ** /=2o ‘*=6.49 

= 10 (anhydrous) ^ = 20 “ ^ 8.60 

= 10 “ I—2S “ == 949* 

Sodium sulphate increases and thallium sulphate diminishes 
the specific rotation. 

Thallium Ammo 7 tium Tarb'ate^ TlNH^C^H^Oj,. 

5 == 10.03° 

^=20 [ar] 5 ? = 7 . 56 ' 

Increase of temperature and addition of potassium salts in- 
crease the specific rotation. 

Thalhum Lithium Tartrate, TlLiCiH^Og + HjO. 

r==: 5 (hydrated) [ai]5? ~ 946° 

C^20 “ “ =6.69* 

Lithium salts increase and thallium sulphate diminishes the 
specific rotation. 

Thallium Aniimonyl Tartrate, TlSbOC^H^Og + H^O. 

^ = 2 / = 20° 100.44° 

c = 2 ^=28 “ 99,64* 

Acetates produce a decrease in the specific rotation. 

Ethylene Diamtne Ditartrate, C2HpNj.2C^HgO<, 

Water 1.44 [or] = 170.03° 

Water £’ = 0,36 “ ^170,83* 

On the rotation of certain tartrates in glycerol solution, see 
experiments by Long.® 

^“Tartaric Acid Esters 

Monomethyl Tartrate {Methyl Tarianc Add), HCH,C,H^O,. 
Sirup. 

Water = 2.073 — l8.i° 

Alcohol 1,037 3,22 

The salts of methyl tartaric acid are crystalline 

^ l/OUfi^ . Zoc cti 

3 Colson Compt rend , nj, 729 
8 J Am Chen? Soc , 313, 813 
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1 

1 

c 

Anhy- 

drous 

[a]/J 


c 

1 

az,A 

JA salt 



Water 

4 ( 

2.148 

2.291 

265® 

28.0 

*7 

Alcohol 

(( 

0,1612 

6 dm 

0.14® 

5* “ 

<( 

(( 

0.0088 

0,0260 

6 dm. 
6 dm. 


Na “ 

<( 

<*.00 / 
2.353 

21 0 

(( 

\J %JJL 

0.04 


Monoethyl Tartrate {Ethyl Tartaric Acid)y 
Sirup. 

Water c == 2.252 [a:]/)= 21 8° 

^ Alcohol t* = I 126 ‘ = 7 10 


Ethyl Tartaric Acid Salts. Crystalline ^ 




C 

Anhy- 

drous 

lain 


c 

1 

(X.D 

Xyi salt. 

Water 

2 329 

28 8° 

Alcohol 

0.7052 

6 dm 

0 

00 

0 

Na “ 

C( 

2531 

275 

“ 

0 0892 

6 dm 

0.10 

K “ 

t( 

2 730 

21 6 

( 1 

0 0308 

6 dm 

0 04 

Ca “ 

1 ( 

2490 

243 

.. - 

. 

. .. 


Ba " 

(1 

3 107 

20 3 

• - 

... 

.... 

... 


Dimethyl Tartrate^ (CHg^aC+H^Og. Crystals Melting- 
point 48®; boiling-point 158,5® (12 mm.), 280® (760 mm.).® 


I/iquid, I 3403 

rf-jo = I 3284 

^100 _ j 2500 


== I 83" « 
=- 2.14° ' 
^ 6 00 


Diethyl Tartrate y I^iquid, boiling-point 

280° (760 mm.), 

=r_- 1.2097 
rfoo r:=. I 2059 
= 1,1279 

1 Payollat . Compt rend , 117, 630. 
a Anschutz ’ Ber d chem , Ges., 18, 1399 
Anschutz, Pictet /dtd , 13, 1117, 1538 

Pictet Arch, sc phys nat. t 3 ]» 7 i 82; Jahresbencht, 188a, p. 856 

* Aiischiitz Pictet * I.oc ctL 

* Pictet : Jsb. Chem., x88a, p. 856. 


a 

Ot 

L«J 


7 47 " ’ 

*7 



Di-n-propyl Tartrate, (03117)20411405. Wquid, 
303° (760 mm,). 


= 1.1392 

flfao —1^1344 
(Ofwo = I 0590 


L\ 

f-l 


12 09® 
= 12 44 


Diisopropyl Tartrate, (OH3.CH3 0H)2C,H4O5. 
mg-point 275° (760 mm ) 


= 1 1300 = 14 89° 

I o33y 


boiling-point 


Wquid, boil- 


Diisobutyl Tartrate, [C 0 Hg) 2 CH.CH 2 ]jC 4 H 405 . Solid, melt- 
ing-point 68°, boiling-point 323° to 325° (760 mm.). 

^100 — I 0145 = 19 87® ^ 


Potassium Ethyl Tartrate, KO2HBC4H4O6 

Water.. . u.079 [ar]^ = 29 91° “ 

Barium Ethyl Tarti^ate, Ba(C2H5.04H40fl)2, 
Water. .. 12.586 [a:]g = 25.68° ** 


d- Diacetyl Tartaric Acid Compounds 

d-Diacetyl Tartaric Add, 

COOH. OH COC2H3O ) . OH (OCgHgO ) . COOH. 

(Also with sHgO. ) I^eft rotating in water, methyl alcohol and 
ethyl alcohol (Pictet), also in ether and benzene.^ 

Water 17.947 14.357 11.486 9189 7.351 4.705 3764 

“ = — 23*04 — 22.48 —22 16—21.50 — 21 33 —20 07 — 19.32° 

Alcohol 7.367 4 9x1 3 274 

“ [ar]S = — 2363 —23.14 —21.52° 

Methyl alcohol { d'=o 824) - . c = 4.681 [i»]g — — 23 74° ® 

The sodium and barium salts are also left rotating ® 

d Diacetyl Tartaric A ad Anhydride, (OgHgO.O) OH. 00)30. 
Right rotating. Prismatic crystals. Melting-point 1 25 ° to 1 29 ° . 

i Anscliutz, Pictet . Loc, cti 
3 Pictet . Loc cit 
® natidolt 

* Colson Compt rend , 114, 175 

* Pictet Jsb Chem , i88a, p 856, 857. 

* Anschutz, Pictet Ber d chem Ges„ 13, 1178 
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In benzene In acetone 

II , Ai , ,1, ^ , 

2091 1045 11656 4403 

[a]n= + 58 69 4- 63 05® -h 59 7o + 62 04® ' 

The esters of diacetyl tartaric acid may be distilled at the 
)rdinary temperature without suffering a change in their rota- 
ing power ^ 

Dimethyl Ester , (CHg)2(C2H30)2C4Hj08. Rhomboidal prisms, 
vielting-point 103°, According to Pictet® left rotating. 

Alcohol (fl? = o 826) c = ^ 566 = — 14 23® ^ 

“ “ ^: = 3 254 [ar]g==-i 4 29 

Diethyl Ester, (C2H5)2(C3Hg0)3C4H208. Triclinic pnsms. 
vlelting-point 66.5°, boiling-point 291° to 292°. [or]^ for the 

►uperfused ester == + 5 

Alcohol (^/ = o 826) ^ = 23 644 [a] 2 = + I 02® ^ 

On the rotation in chloroform solution see §57. 

N-Dipropyl Ester, (C3H,)2(C2H80)2.C4H208 Crystals, melt- 
ng-point 31°, boiling-point 313®. 

Alcohol (i/ = o 826) ^ = 7 855 [nr] 1,4 = + 7 04® ^ 

“ “ .... i: = 3 253 [orjif = 4- 6 52 

According to Freundler,® the ester is liquid at the ordinary 
emperature, [nr]^ = 13.5® Its specific rotation changes 
jreatly with solution in different liquids See §59. 

N-Dibutyl Ester, (C4Hg)2(C2H80)2C4H20e Liquid. t = 2o°, 

>]z>= + 17-8^" 

Diisobutyl Ester, (€4112)2(021130)2 Liquid Boiling- 

loint 322 to 326° t = about 20°, = -|- 11.3° * 

Alcohol (of = o 826) . . ^ = 13 559 [ar]g = +'10 51® ^ 

“ “ c = 7 953 [nr]g = + i0 29 

Compounds of diacetyl tartaric aad with ethylene diamine. 

Neutral Salt, CjHgNa 2CgHio08 Crystals. 

Water r = ii 5 [«r]ij=- — 12 74® 

1 Pictet 

3 Freundler. Compt rend ,115, 509 

3 Loc cti 

* Freundler 

* Compt rend , 117, 556 
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Add Saif, CjHgN^.CgHioOa. Crystals. 

Water c=jis [< 3 r]/>= — 17.05° ^ 

Numerous further determinations of rotation of esten 
dipropionyl, dibutyryl, di-«-valeryl and di- 7 z-caproyl tart 
acid have been made by Freundler.® 

For the rotation of the esters of di-monochloracetyl tarti 
acid, see Franklin and Turnbull.® 

See McCrae and Patterson ‘ for other derivatives of diace 
tartaric acid 

Compounds of d- Dibenzoyl Tartaric Acid. 
Dibenzoyl Tartaric Actd, C00H.CH,0(C7H50) 
CH.O(C,H50).COOH + H, 0 . Crystals Melting-point 9( 
With Water of Crystallization : 

Alcohol (d-oSi 8 ) c=z 8.933 [or] J? ==- — no 91° 

“ “ ir = 4 994 [a:]g = - 112.OS 

Methyl alcohol r = 4.857 [of] g — — 116.30 

Anhydrous 

Alcohol (flf = o 8r8) ^ = 8 506 fof] }J — — 116.47° 

“ “ ^ = 4.755 Mg = -- 117 68 

Methyl alcohol ^ = 4 625 “or" g 122.14 

Dibenzoyl Tartaric Acid Anhydride, (C^HgO.O.CH CO)2( 
Crystals. Melting-point 174®. 


Acetone ^ = 4 644 Mg = + 142 94° 

“ c= 1.572 g = + 143 22 » 

;ar]^ •= -h 114^ 


Dibenzoyl Tartaric Acid Dimethyl Ester, (CH3)2(C7HgO) 
C^HaOe. Crystals. Melting-point 132°. 

Alcohol 0245 M 5 J = ~ 96.61° 

Chloroform 11.612 — 88 24 

“ 8598 Mg = — 88 78® 

Dibemoyl Tartanc Add DUthyl Ester, (CjHjjCCjHjO) 
0.11,0,. I/iquid. 

^ Colson Compt rend , 115, 729 

2 Compt. rend, 115,509,556; Bull soc chnn , [3], 9, 680, 11,366, 470,13, 1055 
Ann Clnm, Pliys , [7], 3, 433 , 4, 544 

3 J. Cliem Soc , 73, 203 (1899) 

< Ibtd , 77, 1096 (1900) 

* Pictet Jab Chem , 1882, p S57. 

« Pictet. 

‘ Freundler Bull soc. chim , [3] 7, 804, 
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Alcohol [d 0.815).. ^r=i= 9.175 [aV^ — — 54 50 ® 
“ ... ^7 = 5.733 [ajg=— 5772 

“ “ . £7 -=2.693 = — 60.02^ 


Dibensoyl Tartaidc Acid Diisobutyl Ester, (C 4 Hj) 2 (C^H 50 ) 2 . 

C^HgOg. lyiquid. 


Alcohol (d ~—Q S18) £7 = 14 085 
“ “ £7= 4922 

“ “ £7= 2880 



- 48 86 ° 
-4294 

- 41 95 ’ 


Diphenyl Acetyl Tartaric Acid Anhydride, (C,Hj.COj.CH. 
C0),0 [«]/,= + 58 V 


Diphenyl Propwnyl Tartaru A ad Anhydride, (CgHj COj.CH. 
CO),0. ia]^ = + 3S\' 

Frankland and Wharton* and Frankland and McCrae® have 
given the following determinations . 





Diethyl itionobenxoyl tartrate 

24° 

+ 20 71° 


38 

' + 20 18 


63 ; 

+ 19,02 


79 

-1-1843 


99-5 

+ 1769 


135*0 

+ 16 36 

Dimethyl dibenzoyl tartiate 

100 

— 7258 

1 

137 

— 6684 


183 

— 5894 

Diethyl dibenzoyl tartrate 

18 

— 5936 


38 ‘ 

__ 61 yo 


44 

— 62 05 


53 5 

— 62 28 


60 

— 62 28 


100 

— 6077 

Diethyl monoorthotoluyl tartrate 

14 

-1- 12.08 


20 

+ II 82 


32 5 

+ II 74 


65 1 

1 II 20 


100 

+ 10 88 

' 

136.5 

+ TO 62 


1 Pictet 

a Freuudler Bull aoc chim , [3], 7 » 804 
J Freundler 

4 j chem Soc.,<S 9 » 1309. 1583 (1896) 

6 Ibtd , 73, 307 (ISOS'! , 





' 


i- » 

f 


I 



f 

i 

I 

i. 



i 

[a] . 

Diethyl monometatoluyl tartrate 

145 

+ 1363' 


20 

+ 13-59 


54 

+ 13- *8 


100 

+ 1257 


136 

H- II 92 

Diethyl monoparatoluyl tartrate* •• 

100 

+ 15-85 


109 

+ 1544 


138 

+ 14.59 


180 

+ 1338 

Dimethyl diorthotoluyl tartrate 

12 

— 7782 


19 

— 7842 


33*5 

— 77 00 


54 5 

— 7423 


10 

— 72 02 


100 

— 68 10 


136 

— 61 28 

Dimethyl dimetatolnyl tartrate 

roo 

— 79 02 


136 

- 7058 


183 

— 60 g6 

Dimethyl diparatoluyl tartrate | 

100 

1 — ’ 102 82 


1355 

- 9152 


183 

— 76 90 

Diethyl diorthotoluyl tartrate 

II 

— 6037 


30 

— 6033 


49 

59 53 


70 

- 5798 


100 

““ 54.73 


135 

— 5037 

Diethyl dimetatoluyl tartrate 

20.5 

~~ 6931 


245 

- 6887 


445 

— 69 16 


50 

~ 69 00 


100 

— 6374 


136 

- 5871 

Diethyl diparatoluyl tartrate 

100 

— 89 98 


137 

— 81 46 


1835 

- 6950 


The observations were made in tubes 44 to 50 mm. in length, 
and specific gravity determinations were made over a sufii- 
ciently wide range of temperature to allow the calculation of 
the specific rotation. 


1 
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Imides of d- Tartaric Add and Benzoyl Tartaric Add 
The following data are from Ladenburg.^ 


Methyl Tarinmide, Made by heating methylamine bitar- 
ate, by which partial racemization followed. Melting-point 
78®. 

O- , 


■H.OH I 

NCH, 

H.OH 
O — 


Water, p -- 

731 

d ^ 1.0242 

[«>= + I 94 ‘ 2 ® 

“ P -- 

904 

fl? I 0291 

“ = + 1936 

“ P -- 

12.94 

d ^ \ 044s 

“ = -1- 192.6 

Erom winch 

196 30 — 0.2877 / for 7^ = 7 to 13 


By heating methyl tartnmide with 2 mols. of benzoyl chlo- 
ide there result . 


a-Dibenzoyl Methyl Tartrwiide, Melting-point 56° 

Bvtliyl acetate p - 7 93 [a]i)r= + 183 9° 

“ “ - 15 83 “ = -1 185 7 

fi-Dibcjizoyl Methyl Tartnmide Melting-point 106® to 108° 

Ethyl acetate p - 7 93 [cr];, __ -f- 188 8® 

“ “ p 1584 “ + 1898 

Bthyt Taidrimidc, NC^Hg. Melting-point 171° to 

74 • 

Water p - 5 76 [n:]y> r:: -f 164 9® 

“ p-~ll' 2 . “ -- + 1656 

“ p 8 57 “ ~ f 166 2 


Changes in the Specif c Rotation of d-Tartanc A ad m 
Presence of Inactive Substances 
If different bodies are added to aqueous solutions of tartaric 
cid, the degree of its electrolytic dissociation, as explained in 
• 61, is altered, and as the latter is reduced, the specific rota- 
lon is lowered. This follows on addition of acids, alkalies, 
ilcohols and other bodies and the decrease in the right rotation, 
io caused, may extend in certain cases to inactivity , or even to a 
:hange to left rotation. When an increase in activity is ob- 
served, as by addition of bone acid, molybdic acid, or alkalies, 
his depends on the formation of complex compounds of tar- 
aric acid, as referred to also in §61. 

^ B«r, d chem Ges , ag, 2710 

36 
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Of the many observations bearing on this, a number have 
been referred to in the general part of the work (see SS.Stj, 61, 
70) ; in regard to others, it is suSicient here to refer to the 
original papers. Most of these have a limited value only, be- 
cause they are based on deterniinations with but few concen- 
trations, and the corresponding data coucertiiug the degree of 
dissociation are lacking. 

Inorganic and Organic Acids (see §61). These produce a 
decrease in the right rotation. ‘ Amido-acetic acid and amido- 
propioinc acid increase the activity. 

Alkalies bring about a decrease in the right rotation of alkali 
tartrates, which may extend to left rotation." 

Alkali Salts produce sometimes an increase, sometimes a de- 
crease in the rotation of the tartrates. §70.'’ 

Molybdates and Tungstates. Increase in rotation to a maxi- 
mum point. §70. 

Alcohols. Decrease in rotation.^ 

Acetone. Decrease.® 

Benzene and Homologues, mixed with alcohol, produce left 
rotation. §59.” 

Organic Haloid and Nitro Compounds Decrease in the right 
rotation or change to left rotation. §59.’ 

Inactive Organic Bases (aniline, pyridine). The right rota- 
tion increases to a maximum and then decreases.” 

Aniido compounds (urea, glycocoll, alanin) produce increa.se 
in the rotation. Urea,® glycocoll, alanin.^® 

/-Tartaric Acid, i . Water / == 35.7, / 17° ; Biot’.s red 

ray Mr = — 8.43°. 

1 Biot • Mem del* Acad,, i6, 329. Ivaiidolt • Her. d chcm. Och., 13, 3331, Th. Thom- 
sen , J, prakt Chem., [2], 3a. 219; Pribiam , Bitssbcr. Wleii. Akad., 97, 11 , 13. 

^ Th Thomsen J prakt, Chem., [3], 35, 145 Alf^tmn . Compt. lend., 113, moo 

** F SchUtt . Ber. d chem, Ges., 31, 2586 (KCl and NnCl). I^ong • vStU. Am. J, Sci., 
[ 3 ]» 36, 351 1 38, 264 , 40 » *75 Th Thomaeii ; J. prakt. Chem., [a], 34, K3. 

< Biot • Mem de I’Acad , 15, 240. I,andolt • Bei. d. chem. Oe»., 13, 233a. Prltiranr 
Sitzber. Wien. Akad. 97, II, 468. 

» Ivaudolt : Ber A chem, Ges., 13, 233a. I’rilnam s Sitsber Wien. Akttd., 07. 11. j«». 

« Pribram: Ber. d chem. Ge,s., 33, 6 t i o 

’ Pnbrain : Thid.y 33, 7. 

8 Pribram Ibtd.y 33, 9. 

8 Pribram : /fr/rf., 33, 8. 

’0 Pnbram Sitzber Wien Akad,, 97, ll, 479. 
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For right tartaric acid under the same conditions, [oc]^ — 
+ 8.58 

2* The review of Pasteur’s^ observations by a committee con- 
sisting of Biot, Dumas, Regnault, and Balard furnished the 
following values 



P 

d?. 




Mr. 

Bevotartaric acid.. 

42.06 

1.21785 

5 198 

20.5® 

—21 485® 

— 8070® 

Dextrotartaric acid 

41.97 

I 21765 

5.198 

20.5 

+ ai. 4 S* 

+ 8.082 


Addition of bone acid increases the left rotation in the same 
degree that it increases the right rotation of dextrotartaric 
acid The committee named cite the following parallel experi- 
ments 



Tartaric 

acid 

P 

Bone 

acid 

P 

Water 

Q 

d 

/ 


or^. 

Mr. 

Devotar- 

taticacid 

Dextro- 

23 89 

476 

71.35 

1 13181 

5 198 

23.2 

— 52.12® 

— 37.08® 

tartanc 
acid . 

23.78 

480 

7142 

I 13158 

5.193s 

23 2 

+5307 

+ 37 97 


Salis of /- Tartaric A ad 
UAniviomii^n Tartrate^ (NH4)jjC^H^Oa. 

Water = 12 16, /= 18 2, = — 38.20* from which 

by multiplication with ^ we have [«]r = — 29.29. For the 
^-salt Biot found [o']^ = + 29.0. 

l-Sodium A^mnonmm Tartrate, NaNH^C4H^Oo + 4HjO, 
Water / = 33 33, / = i6 5, \oi]j = — 26.0® ® 

The solubility is the same as with the ^f-salt. 

Levotartar Emetic, KSbOC^H^Oa + 

Water / = 6.80, z? = 19®, ==“ ^ 5 ^ 2°. Asimilar solu- 

tion of the rf-salt gave [af]^= + 156.2®.® 

1 Ann. cliim. pliys., [3] a8, 77 

s Ibid., [3], a8, loi to 105 

a /M., [3], aS, note 112 ^ 

\ Pasteur . Jbtd,, [3], aS, 84 
^ Pasteur * /btd„ [3], 38, 90 
^ Pasteur* /btd,, [3], a8, 87 
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IXalaum Tartrate, CaC,H, 0 , + 4HjO, dissolved in hydi 
chloric acid shows right rotation. A solution of 20 gram»s 
the salt in 63 cc of hydrochloric acid (containing 7.09 gran 
HCl) showed, for / = 3.9 dm., = + 6.7®. If fl^-calciu 
tartrate is dissolved m hydrochloric acid the solution shov 
left rotation.* 

Co 7 nbinahons ofd- and /- Tartrates with d- and l~Maiates 
Right ammonium acid tartrate and left ammonium malat 
form a crystallizable combination which, when dissolved i 
aqueous ammonia, shows the same rotation as a mixture o 
equal molecules of the two salts. 

^== 4 , [«]/ = H- 14 5“ 

fl^Ammonium acid tartrate and /-ammonium acid nialat< 
form no combination with each other. 

Combinations of d- and /-tartramide with /-nialamide. 
d-Tariramide, = + 133 9^. 

/- Tartramide, [ar]^ = ~ 134. 15°, for c = 1.305. 
l-Malaniide, [^]y — — 47»5^* 

d- Tartramide and t'-Maiamtde, dlssobjtA in equal molecular 
proportions, yield an easily crystallizable compound ; 
d- Tartro-l-malanizde, [nr]^ = -j- 42 02°. 
l-Tartramide and l~Malamide, dissolved in equal molecular 
proportions, yield also a crystallizable compound which is more 
soluble than the last : 

l-Tartro-Umalamide, — — 95.71® ® 

</-Tartancacid forms with asparagin an easily crystallizable 
compound, but /-tartaric acid does not. * 


/-Qctnic Acid, 

I. Water, c~ 2 6 10 

C« 3 'i= -44.09 -43.84 -43 75® 
Water, r = 8 5 to 53.03, [«]? = - 43 s to 43.o.- 
3. Wate. r = ..57 „ ^ ^ 

rriSTaaS; 

^ Pasteur Loc 465 

< Pasteur . Loc 0/ , p 437 

• ^ • Ber. d chem C.. 

Oad«nans Rec tiav chitn 
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4, Water, p ^ 9.93 to 29.50, MS = 43.47 —o 0230/.' 

Quinates The rotation decreases somewhat with increasing 
dilution, and finally reaches nearly the same value for all.® 
See §61 Addition of free alkali produces an increase in the 
specific rotation in consequence of a decrease in the extent of 
dissociation." 


X2. Acids with Seven Atoms of Oxygen 


See the aldehydes under group 16 (oxyaldehydes, sugars). 

^-Geuconic Acid (Dextronic acid, Maltonic acid), CH^OH. 
<CH OH),COOH = 

The free acid is a sirup, which by long standing over sul- 
phuric acid IS partly converted into the lactone, ^ 

complete conversion follows by prolonged heating to 100®/ 
On the reciprocal transformation of the acid and lactone in 
aqueous solution at the ordinary t^mpersitixTe see Mui^jroiahon, 
§ 75 ‘ 

Calcivm Salt, Ca(.CttHj, 0 ,)^ + H.O ffrom dilute alcohol) 

Water i — 1.8176, after ro minutes [«]/> -(- 7 92° 

Water c - “ “ i hour “ -I- 5 94° to 4 8® 

Exhibits multirotation.'* 


Ca(C,jH,,0-)a + 2H3O (from water). 

Water r - lo (anhydrous), [rr],/ I 6 66® 

“ c 10 “ -1 7®' 

Shows no multirotation ” ” 


Anhydride , Crystals. Melting- pom! 130° to 135°. 

Water » . , p 8.32, i 032, t 20®, [or]/) ^ 68.2® 

At the end of twenty-four hours the rotation had fallen to 
64.2°, but the solution had an acid reaction, evidently because 
free acid had been formed.” 

1 Thomstn J iirakt Clieni,, [2], 35, 156. 

Oudeiimns Loc tii 
•* riioiiiHeii : Imc at 
^ Fischer . Bei cl cheiti Oes., as, 2625 
Herrfeld Ann, Chem (ryiebig:), aao, 34s* 

0 Fischer * Ber rt, chem, Gch , as, 2614 
7 Schnelle, Tolleus 
« Fischer 

® Fischer Ber tl. chein. (»es„ as, 2626 
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/•Gduconic Acid. The mixture of acid and lactone rotates 
strongly to the left/ 

CalciuM Salt, Ca(C^Hi^OY)a f dried over H^SOJ . Needles. 

Water /» = lo 298, = i 049, t = 20®, [a]/) — — 6 64° ^ 

Anhydride, The rotation was determined in a hydrochloric 
acid solution of calcium gluconate. 

c = 6.9 (anhydride) , i = 20®, [«r]^, = — 22 o® ^ 

rf-MANNONic Acid, 

Anhydride, CgH^oOg. From ^/-mannone by oxidation with 
bromine. Glittering needles. Melting-point 149® to 153°. 
Water = 9 99, = 1.0381, t = 20®, [or]/) = + 53 81® » 

/-Mannonic Acid (Arabinose carboxylic acid). 

Anhydride, CgHioOg. From arabinose and hydrocyanic acid. 
Rhombic crystals which soften between 145® and 150® 

Water ^ = 9.1807, d = i 0329, [Qr]i?=: — 54 8® * 

^-Gudonic Acid, CgHiaO^, 

Anhydride, CgHjoOe. From fl?-saccharic acid by reduction. 
Trimetric crystals. Melting-point 178® to 180®. 

Water. 10.219, d = i 0373, t = 20®, [a]/) = -|- 55 1° ® 

From glucoronic acid 


Water.. 2 i 57 » + 56 t° « 

Calcium salt = — 2:4 45® 


I ' /-Gudonic Acid (Xylose carboxylic acid) 

Anhydride, CaHujOg. From xylose and hydrocyanic acid. 
Trimetric prisms. Melting-point 185® (cor.). 

{ Water. p == 9.15, d = i 034, t ^ 20®, [tr]/, = 55 30 7 

i ' 

I; I rf-GALACTONIC AciD, C.HuO,. 

i] \ On the multirotation of the free acid, separated from the cal- 

/ ciom salt by aid of hydrochloric add, through change into 

■ ' the lactone, see §75. 

' 1 Fischer 

^ 2 Fischer Ber d chem Ges , 33, 2614 

li ! 3 Fischer, Hirschberger Ber d chem Ges , aa, 321S 

I ‘ Kiliani , Ibid , 19, 3034 

I i , ^ Fischer, Piloty Ibid , 34 , 521 

' I ® Thierfelder Ztschr physiol Chem ,15, 71 

fl 7 Fischer, Piloty 


I 
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Calcium Salt^ CaCCgHijOja + 5H2O. Monoclinic crystals. 
Water HCl, c^o 76°, t = 15^ [a] p = about + 2,85^ 

But if the calcium salt is decomposed by oxalic acid, two 
crystalline substances result * i, (= CgHjoGg + H^O), 

with melting-point 65^, and 2, C<jHi„Og, with melting-point 90® 
to 92®. The first is not the true galactonic acid, but the hy- 
drate of \he anhydride.^ 

Tai<onic Acid, C^HiaO,. Made by heating af-galactonic 
acid, pyridine and water to 150®. The mixture of acid and 
anhydride is strongly left rotating ' 

fl^-lDONic Acid, QHjjjO,. 

Doud/e Salt, (C„H,, 0 ,),Cd + CdBr,. 

p 11.14, d — 1*078, t = 20®, [a]D ==-- 4- 3.41® » 

/-Idonic Acid 

Double Salt, {C„H„ 0 ,),Cd + CdBr,. 

/ — 10 562, d 1 076, t — 20°, [a]ii — 3 25° ^ 

Rhamnohfxonic Acid (Isodulcite carboxylic acid), CHj. 
(CH OH),.COOH ==C,H,A 

Anhydride, CryvStals Melting-point 168° 

Water c 10 034, i - 20®, [o']/) = - -f 83.8® 

Shows no multirotation.'’ 

/-TRIOXYGlyUTARIC AcID, C,HA* 

By oxidation of arabinose with nitric acid. Microscopic 
plates. Melting-point 127® 

Water . . /> - 959, d' i 0441, t- 20®, [a]/j —22.7® 

The rotation remained unchanged after twenty-four hours ® 
Potassium Salt, Monoclinic plates or prisms. 

I From rhamnose , 

Water p 10 863, 1 0685, t -- 16®, [a]/) = + 9.35® 

" 7^ -9^92, “ -^1,0569, if =13®, “ = 9*50 

“ P ^29.498, “ ^ 1 . 1935 ) “ = 9*58 

1 SchnelleaiidTollfus Ann. Cheiii (lyiebig), 371, 82 
Fischer Ber. d. clietii. Ges,, 34, 3623, 

« Fischer, Fay ; ThiA , 38, 1982, » 

* Fischer, Fay . /Jirf,, a8, 1977 
0 Fischer, PUoty /dtd,, 33, 3io<i 
0 Fischer ; /dtd , 34, 1836, 2686 





2 From arabinose 

Water p 30741, i or86, t 19®, \.Ci]n - 4 9 I 3 ° 

G 1 .UCURONIC Acid, COOH(CH.OH)* CHO = C,,Hi„0- 
Potassium Salt, KC^H^O, (at 100*=*), needles. 

Water p — ^ iS°, IocId -| 21,2$^ 

“ p — i 925, t ^ 18®, ** 21.82 

The specific rotation increases on dilution. The potassium 
salt rotates as strongly as does the amount of anhydride con- 
tained in It 

Anhydride From euxanthinic acid. Monoclniic crystals. 
Melting-point 175° to 178° (with decomposition). 


Watei 


14 14 

— I 06201, 


I 9 -I 5 

(( 

“ = 

9 575 , 

“ = I 04125, 


19.26 

(( 


7 7 ^ 9 , 

“ ^ I 03307, 

“ “ 

19*35 

4i 

“ = 

707, 


“ =: 

20 06 

it 

“ ~ 

4 787, 


“ = 

19 22 

ii 

“ — 

3 86, 


“ 

19 89 

1( 

“ = 

3 54 , 


tt _ 

20 93 

44 

u _ 

239. 


“ ~ 

21 80 

(i 

“ = 

I 93 , 


“ 

21 66 


Effect of temperature “ 




P 


[cr]z)at 





5° 

180 

38 ° 

34® 

Water . 


14 14 

+ I7 6 x“ 

+ 19 IS“ 

+ mSs" 

4' 21 00® 

It 

j 

9 575 

1763 

19.26 

20 37 

21 10 

II 


7 719 

17 73 

T 9 35 

2047 

21 27 


Water ^ 3 i ^ = 21°, [a']/) =- 19 4° •* 


OXYGI.UCONIC Acid, CgH.oO^ + 2H2O. Sirup 

Water / ~ 2, -ir; ~ 14 50 » 

SaccharonicAcid, COOH C.OH CH,j(CH 0 H),.C 00 H~ 

Anhydride (Saccharon), + H,0 Formed by the 

oxidation of saccharin with nitric acid Triclinic plates. 
Melting-point 156® 

Water = 12 41, flf=-io45i, / := iS®, [fr]/, - - -- 6 i® > 

1 Will, Peters Ber d chein Ges , 22, 1697 

2 Thierfelder Ztschr physiol Chem ,11, 38S 

3 Ktilz Ztschr f Biol , 22, 478 

* Boutroux Ann china phys , [6], 21, 565 
3 Kiham Ber d chem Ges , 15, 3959 
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13. Acids with Eight Atoms of Oxygen 

lyEVUDOSECARBOXYIvIC AciD, 

CH,( 0 H).C( 0 H.C 00 H)(CH. 0 H) 3 CH, 0 H = 
Anhydride, plates or prisms, Softens at 126® ; 

melting-point 130°. 

Rotates strongly to the right in 6 percent, aqueous solution.* 

^r-GnucoHJ 5 PTONic A cid (Dextrovse carboxylic acid),CH.,OH. 
(CH OH)g COOH -- C,H, A 
Anhydride, Rhombic crystals. 

Water . 3 3817, d - i 0144, / := j; 5°, [< 0 /> 55 * 3 ® *** 

/i-GDUCOHEPTONIC AciD 

Anhydride, Colorless needles. Melting-point 151 ° 

to 152® (uncor.) 

Water 10 049, d =1.0372 / -=• 20® Multirotation 

After 20 minutes [^r]/) — 79 i® 

After 24 horns constant .... “ -= — 67.7 

The multuotation is not caused here, as with the other lac- 
tones, by transformation into the acid, since at the end of the 
experiment the solution is found perfectly neutral. ' 

^-Gai^actosecarboxydic Acid, CH^jOH. (CHOH)r,COaH 
Small needles ; melting-point 145® 

The rotation of acfueous galactose solutions, to which hydro- 
cyanic acid has been added in excess at the ordinary temper- 
ature, decreases gradually, and finally becomes o The amide 
of galactose carboxylic acid is formed, which on boiling with 
water is decomposed 

The acid is inactive m 5 per cent, aqueous solution (/ — 
2 dm.) * 

Barium Salt, Bac.C.H,,jOy).^, From the amide on boiling 
with baryta water. 

Water c 1201, == 20°, [fir]/) -550® 

^^-Mannoheptonic Acid (Mannose carboxylic acid), 
CH,OH. (CH.OH),.COOH. Meltmg-pomt 175®. Rotates 
slightly to the left in aqueous solution. 

I Kiliani Her tl cliein Cles,, ip, 1915 
8 Kiliam Ib%d , 19, 770, 

‘ Fischei Ann Chein (Inelng), 370, 84 
•< Mftquenue • Compt rend., lod, a86 
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Anhydride, CyH^O,. Crystals. Meltiug-point 148® to 150°. 

Water 10.009, / ^ 20®, 74.23** 

Slight decrease later. ^ 

/-Mannohsptonic Acib. 

Anhydride, Crystals. Melting-point 153® to 155®. 

From /-mannose by the cyanhydric reaction and saponifi- 
cation. 

Watei ••/=-- 5.27, 1.02, /~-::2o®, [a‘]/) 1 75 * 15 ®” 

Rhamnoh^ptonic Acid, CHj^(CHOH)„.COOH. From 
rhamnohexose by hydrocyanic acid. 

Anhydride, CrHi^O^. Crystals. Melting-point 160®. 

Water ^ = 10,036, / = 20®, [«]/> -\ 55.6° 

After six hours the rotation was still unchanged. 

Saccharic Acids, CO,H.CCHOH),.CO,H -^C.H.oOh, 

^/-Saccharic Acid. 

Anhydride, Lactone, CgHgO.. Needles. Melting-point J30® 
to 132®. 

The right rotation observed by Clerget® has been confirmed 
by Sohst and Tollens. ‘ The latter found that aqueous solu- 
tions of the anhydride exhibit increased rotation ; but if the 
saccharic acid is thrown out from its solutions 1;y aid ol acids 
the phenomenon of decreasing rotation is noticed. In both 
cases a constant value of about 22.5® is reached, in the one 
instance by a gradual decrease, and in the other by a giadual 
increase in rotation See §75. 

The observations of Sohst and Tollens on the gradual change 
of the specific rotation of saccharic acid have ]>een already given 
in §75. 

Acid Ammomnvi Salt, NH^CoH^Og. 

Water = 20 029, [«:]/, — (- 5.84® 

Multirotation could not be detected.'^ 

The specific rotation of /-saccharic acid has not yet l)eeu 

1 Fischer, Passmore Ber. d. chem Oes , aa, 2226. 

2 Smith Ann Chem. (I^iehlg), 372, 183 

•» Compt. rend , 53, 343 

^ Ann Chem. (I/iehig), 345, 9. 

6 Sohst and Tolleiw Ibid,, 345, 15. 
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determined. Its crystalline potassium salt, KC^HgOg, rotates 
slightly to the left ' 

IsosACCiiARic Acid Rhombic crystals. Melting-point 185®. 

Water. . /> = 4 266, = 1.01689 ^ = 20® == + 46,12® 

The specific rotation of the aqueous solution is not changed 
even after heating three hours to 200° to 220® * 

Water / = 47 after heating, lcx]p -= + 48 93.® •• 

Isosaccharic Add Diethyl Ester, (CyH5)2C8HgOg. Crystals, 
Melting-point 73® ; boiling-point 250®. 

- Water ^ == 5 » [«]/) = 35 5 ° ^ 

Isosaccharic Add Diamide, CgHflOrXNHa)^, Crystals. Melt- 
ing-point 226®. 

Water ~ 5, [cr]^ == -h 7 

Norisosaccharic Acid, (CgHjoOa). Calcium salt {p =5) 
and HCl. After heating 

[«*]/) -= + 51 73 ® * 

flf-MANNOSACCHARIC AciD 

Afihydride, C^HgOj, + 2H2O, Crystals Melting-point 180® 
to 190®. In fresh aqueous solution ; 

P --- 3 432, \ 0176, t := 23®, [a]/) ™ j- 2or 8° « 

Mucic Acid , ( CHOH ) ^ ( COgH ) ^ Crystals. Melting-point 
213°. This acid is inactive from the symmetrical arrangement 
of its molecule, and former observations of rotation must be 
referred to impurities.’' For this reason the efforts of Ruhe- 
mann and Dufton'^ to split up the acid into two active compo- 
nents by aid of quinine, cinchonine, or strychnine failed. 

Tai^omucic Acid, C^HjoOa. Microscopic plates Melting- 
point 158® (with decomposition). 

For freshly prepared aqueous solutions,/ = 3.84, d=^ 1,0172, 

1 Fischer . Ber. d. cliem Oes , 23, 3631. 

^ Tieiiiann and Haarmaiin . Ibrd , 19, i36o 

8 Tieniaiin Ibid,, 27, 137. 

Tiemann and Haarmann. 

8 Tiemann , Ber, d chem. Ges., 27, 137 

8 Fi$cher Ibid,, 24, 339. 

» Fischer, Hertz Ibid,, 25, 1247. 

« J Chem. Soc., 59, 750. 
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/ = 20°, [or],,— about 29,4° On heating the solution, the 
rotation diminishes on account of lactone formation.^ 

14. Acids with Nine Atoms of Oxygen 
rt'-GnucoocTONic Acid, CH, 0 H(CH. 0 H)„ COOH =:= 

Anhydnde (From ^v-glucoheptose), Melting- 

point 145° to 147° (uncor ). 

Water . /> — 10 405, d 1.0417, i ™ 20®, [n:]/j == + 45 9® 

/^-Glucooctonic Acid 

Anhydride, By product in the formation of the a-acid. 
Crystals; melting-point 186° to 188° (uncor). 

Water... ~ ii 39 ?) 0^—1042, ^ = 20®, M/j ~ 23 6® 

The rotation remained unchanged after twelve hours 

^/-Mannooctonic Acid, CwHieOg. 

A?ihydride, Frommaiinoheptose. Crystals , melt- 

ing-point 167° to 170° 

Water * = 9 § 534 ) == 1-0394, t = 20®, [or]/, — 43 58° ' 

Rhamnooctonic Acid, CHgCCH.OH)^ COOH = CgHjgOg. 
Anhydride^ CgHjgOg. From rhamnoheptose. Needles Melt- 
ing-point i7t° to 172°. 

Water. . / = 4 762, d ~ 1.0163, ^ = i 0163, / ~ 20®, [or]/, -- — 50 8® 

GadaoctonicAcid, lactone, C^HjA- Melting-point 220° 
to 223° 

^ 4 26, ( i ^= r.oi 7 » ^ = 20°, [a]/j H- 64,0® •’ 

^r-PKNToxYPiM]^nic Acid, C 00 H(CH OH)^ COOH = 
C^HjaOg From <r-glucoheptonic acid 
The anhydride C.H,oOa is inactive m 10 per cent aqueous 
solution.’ 

^-Pbntoxypimki<ic Acid. From /^-glucoheptonic acid 

1 Fischer Ber d chem Ges , 34, 3622 

2 Fischer Ann Chem (niehig), ayo, 92 
•» Fischer Ibid , 370, 100 

* Fischer, Passmore Ber d chem Ges , 33, 2233 
« Fischer, Piloty Ibtd , 33, 3109 
® Fischer Ann Chem (I,iebig), 388, 149 
" Fischer Ibid , 370, go 
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Anhydride, C,H,„Os Crystals Melting-point about 177°. 

Water .... p~ 9 972, d~i 0433, t ~ 20°, [«]/> + 68.5“ ' 

Tannic Acid, Tannin, + aH^O. 

Water ^ :=r i, ^ 20°, (for 2 dm ) = -f i 50® (?)•* 

This acid’was formerly supposed to be inactive, but Gunther 
and also H SchifI recognized it as strongly right rotating. 
The latter found for pure commercial preparations in aqueous 
solutions with ^ — i, a rotation varying from = + 14® 
to + 67° for different preparations. This stands in contra- 
diction to the constitutional formula proposed by Schiff for 
tannin, according to which there is no asymmetric carbon atom 
present, and which is supported by the fact that the synthetic 
tannin obtained from gallic acid is optically inactive, also by 
the fact that the products obtained from natural tannin by 
hydrolysis with weak hydrochloric acid (gallic acids) are like- 
wise inactive. To clear up this point, Walden* has under- 
taken some experiments on the separation of different compo- 
nents from commercially pure tannin (M;)=+ 67.5°, 
in water, r 1) by means of dialysis, and also by fractional 
precipitation from solutions m ethyl acetate by addition of ben- 
zene, etc By such methods he found it possible to sepa- 
rate the tannin into fractions with unequally strong rotations 
Walden, therefore, considers it probable that the rotating power 
of the natural tannin is due to admixture with small amounts 
of highly active substances of unknown composition 

Rosenheim and Schidrowitz*^ have also examined the acid 
anew and come to conclusions somewhat opposed to Wal- 
den's. They conclude that the larger portion of the commercial 
acid is a single homogeneous body of high rotation, and that 
the formula of Schiff must be wrong. 

15. Acids with Ten Atoms of Oxygen 
<'-r-Gi4UCONONONic Acid, CoHi„Oio From o'-glucooctose. 
Anhydride, Has not been obtained crystalline 

Water c ^ about 10, j? ^ 20®, [«]/> — A- 33 ® ® 

1 Fisclier Imp, cit. 

a Giinthcr Ber d, deutsch. Phann. Ges , 5, 297 t 1895 
* Chcm. Ztjf., (189s), p 1680 ; (1896), p. 8615 
< Ber d chem. Ges , 30, 3x51 C<^ 7 ) 

® J. Cheui Soc., 73, 878. 

fi Fischer Ann, Chcm (X^iebig), 370, ma. 
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^/-Mannonononic Acid, From mannooctose. 

Anhydride, C^HigOg Crystals ; meltmg-point 175° to 177®. 

Water ^: = 10 002, t = 20°, [ar]z) = — 41 o® ^ 

16. Oxyaldehydes, Aldoses, Aldehyde Sugars 

Arabinose, CHO.(CH.OH)a.CH,OH C^H^oOb. 

d-Arabinose Formed by degradation of af-glucose Rhom- 
bic crystals 

Water . , . / = lo.ii, = 1.0402, t = 20°, [or]/? = — 104.1® 

Compound of d- Arabinose with Acetamide, CHjOH. 
(CHOH)sCH(NH CgHjO)^. Fine white needles; melting- 
point 187°. 

Water - ... p~ 10.03, i o 455 i t = 20°, [cr]z) = — 9.5® 2 

I- Arabinose From cherry gum, exhausted beet cuttings, 
exhausted beermash, wheat bran, gum arable, gum tragacanth, 
quince mucilage, gedda mucilage, etc Glittering trimetric 


prisms 

,® melting-point i6o® 

152® to 153® f 158® to 160® “ 

Water.. 

. ^:=io, 

i -= S °, 

[ a\D = + 104 4° ’ 

Water. - 

o*' 

t-t 

II 

t = iS , 

“ =+1044°* 

Water. . 

. . =: 10.369, 

t = 20, 

“ =+1054®, Co:]/=+ii 8®9 

Water.. 

c= 8740, 


“ = + 105 I® 10 

Water . 

- • 9 730 ) 

t = 20, 

“ = + 104.55® 

Water. . 

.. ^ = 10 201, 

t = 20, 

“ = + 10464°^' 

Water . 

. c= 9016, 

8 

II 

= -f- 103 87® 


/-Arabinose exhibits the phenomenon of multirotation. The 
beginning rotation for ^=9.73 is about 157°.^® See §72. 
Ammonia immediately destroys the multirotation.^^ The rota- 

1 Fischer, Passmore Ber d chem Ges., 23, 2236 

2 Wohl Jbid , 36 , 740 

8 O’Sullivan J Chem Soc , 45, 41 

* Scheibler Ber d chem Ges, i, 108; v I^ippmann Ber d chem Ges 17, 2239 
® Frankland, MacGreger J Chem Soc , 61, 737 
8 Conrad, Guthzeit Ber d chem. Ges , 18, 2907 

7 Bauer Jbid , 33, Ref 835 

8 Scheibler Jbxd s 17, 1731 

» V I^ippmann Ibid , 17, 2239 
10 Xiliani Ih%d , ip, 3031 

^ Parcus, Tollens Ann, Chem (l/iebig), 357, 173 
w Allen, Tollens Ibid , 360, 300 
M Parcus and Tollens Loc. ett 
w Schulze, Tollens Ann Chem (I/iebig), 371, 49 
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tion decreases with increasing temperature. For example : 

Mi? + 106 o®, [or] J? == + 104.5® 1 

Arabinosazone, C.Hy0j^(N.NHCgHB)2. Crystals ; melting- 
point 157® to 158® ;*■* 159°.® 

Alcohol, 95 per cent . . . c =: 3,40, ^ = 20®, la ' Jj , = + i8 90® 

The rotation gradually disappears * Compare Fischer.® 

i-Arabinose An aqueous solution which contained 10 per 
cent, of each of the active components rotated in a i dm. tube, 
after fifteen minutes, 4° to the right ; after one hour + 0.2®, 
and after two hours it was inactive. Wohl® refers this to the 
birotation of the /-arabmose 

Xyuosb, CHPH(CHOH)3CHO = CbH,oOb. White needles 
or orthorhombic prisms ; melting-point 144® to 145®. 

Water., 10664, / = 20®, [af]i3= + 19.31® P 

Water .. c^w 070, ^ = 20, “ = 4- 19,22 J 

Water •• 10.108, ^ = 22, “ -f- 19 39 

Water .. p - 9.940, = i 0359, i — 20®, [a]/, + 18 99® ® 

(Mean of about 50 readings.) 

The effect of concentration on the specific rotation of aqueous 
solutions of xylose was investigated by Schulze and Tollens ® 
All the solutions were tested after standing twenty to twenty- 
four hours, the 61 per cent, solution after a quarter of an hour. 


p 

df . 


3 

1.00977 

+ 18 425° 

5376 

1,01814 

18 547 

9 706 

I 03481 

18773 

2 J 744 

1.08299 

19 610 

34 3SS 

I.I375O 

20.495 

46.395 

1.19266 

21 429 

56.229 

1.24205 

22 681 

61 747 

1.27258 

23 702 


1 Parcus, Tolleus. 

3 vScheibler 
a Allen and rolleiis, 

^ Allen and Tollens Ann. Chem (I^iebig), ado, 300 
» Fischer ; Ber. d chem. Ges,, aa, 385, note. 

« Ibid , a6, 740 

7 Parcus and Tollens : Ann Chem. (I,iebig), 357, 175. 
» Wheeler. Tollens : IbtA , ag^, 310 
® Ibtd.^ 371, 40. 
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From these figures, interpolation formulas for the tempera- 
ture of 20° may be calculated . 

I ^ = 3 to 34, [a]/, -= i8 095 + o 06986 p, 

II = 34 to 61, “ 23.089 — o 1827 p + 0.00312 

The temperature has no marked effect on the rotation be- 
tween 15° and 20°, but above 20° a change takes place which 
must be considered in any exact investigations. 

Water p~ 10 0829, = 1.0362 


/ 


15“ 

+ i8 898“ 

20 

r8 909 

25 

19 248 

30 

19 628 


Xylose exhibits multirotation. §72. 

Observations of Wheeler and Tollens^ gave • 

Water ^ = 10 236, t — 20°, after 5 minutes — + 85 86® 

Water . ^ 10 236, ^ = 20, “ to “ “ rz- -(- 70 14 

Water .• = 10 236, ^ “ 20, “ 16 hours constant “ —-{-18.59 

Parcus and Tollens® found the beginning rotation lower 

Water ^ — 10 664, t = 20° after 5J minutes [o:]/; — -j- 77 87° 

constant “ 24 hours “ — + 19 31 

Water ^ = 11 070, t = 20®, “ 4^ minutes “ = 78 61 

constant “ 24 hours “ — 19.22 

From this [ct]^? two minutes after solution — about 91® 

“ “ “ immediately “ “ = about 100 

Ammonia of about o. i per cent strength brings about the 
end rotation immediately. If more than o i per cent, is pres- 
ent the rotating power is very greatly decreased. See §73.* 

Xylosasone, CgHgOgCNgH.CgHJjj. Bright yellow silky 
needles; melting-point 159° to 160° 

Alcohol, 95 per cent /> = 2 815, ^ = o 85, [a:]/? = — 43.36® 

After more than a week the solution showed approximately 
the same end rotation/ 

^ Ann Chem (I<iebig), 234, 3x1 
3 Ibtd , as7, 175 

3 Schulze, Tollens Ibid , 371, 49 
^ Allen, Tollens Ibid , a<$o, 295 
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Fucosb, CHg (CHOH)^CHO = CflHjaOg. From sea weeds. 
Crystals ; melting-point ii6® to 140®. 

Water - . c = 9 1375 (dried at 65®), t = 20°, la'\zt = — - 75.96® 
Fucose shows marked multirotation. An aqueous solution 
clarified with alumina cream gave the following rotations 
c ^ 6.915s, i 20®, after ii minutes [a'jn = — 111.8® 


“ X 4 

it 

“ = 106.8 

“ 21 


97 8 

“ 31 

«( 

“ = 90 0 

“ 7 r 

i( 

“ = 790 

“ lOl 

“ 

“ - 778 

" 146 

i( 

“ 768 


On the following day constant = — 77 0 

Rhamnose (Isodulcite, rhamnodulcite) , CHg (CHOH)^ 
CHO + H ,0 = + H^O. 

Ordinary Rhamnose Monoclimc crystals ; melting-point 
93® to 94® (On the three modifications of the substance, see 
§72.) The following numbers hold for the final constant 
rotation and the hydrate : 

From quercitrine, water. ..... c ^ iS 076, I = 17®, = -h 8 04® ^ 

From xanthorhanmine, water 26 04, ^ ^ 17®, [0:]/) = + 8,07®“ 

From xanthorhammne, water c 12 390, ^ = 18®, [a:]/) == -f 8 83® * 

From naringeniiie (citrus decu- 

mana) water t ^ 25.166, 17°, [tr]/> — + 8.2®'’* 

Effect of concentration 

r ^ ~ 5 9 18 22 40 

[^r]/, -- t 84s®, -} 852®. hS.so®, f 851°, ^ 865® 

The rotation i&, therefore, influenced but little by the con- 
centration. With elevation of temperature, the rotation de- 
creases and vice versa For 6® to 20® this formula holds . 
[(r];j -- 9.18® — 0.035 

Rhamnose exhibits multirotation as described in §72. 
Freshly prepared solutions show left rotation which changes 
gradually to right rotation • ' 

1 Ghntlier Tolletis , Ann Cliem. (l,iebig), 371, 86 
a Berend ‘ Ber d chem. Ges., 11, 1354. 

8 I^iebermatm, Hbrinann /duf*^ 11, 95^, Will* /did,, ao, 1186 
^ Stohmaim, i;augbexn . J. prakt Chem., [aj, 45, 308 
* Will Ber. d. chem, Geb,, ao, 294. 

« Schnelle, Tollens • Ann Chem (I^iebig), a7i, 62 
7 Jacobi* /bid,, 373, 17s 

37 
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Water p—io, == i 0236, t = 20® 

After I minute [or]/) = — 56® 

After 8 minutes = 00 

Constant after i hour “ ~ 8 3 

Water r = 10, ^ = 19 5 to 20 5® 

After si minutes [or]/, ^--311° 

After 9 J minutes “ — 00 

Constant after 57 minutes. = + 8 56 

In another senes of experiments, the beginning rotation was 

The decrease in rotation takes place regularly with gradually 
diminishing rapidity.^ 

When rhamnose is heated to the melting-point, the end rota- 
tion is reached immediately.” 

A small addition of ammonia destroys the multirotation * 

Water, =: 10.052 ^ = 20°, [a]/j after 20 hours = -{-7.86® 

Water with o.i per cent ammonia, t = 20°, [ar]/,after 7 min — 7 95 

For further observations on rhamnose see Gernez” and 
Tanret." 

On the rotation of rhamnose in alcoholic solution, .see §64. 

Anhydrms, Amorphotis Rhamnose, Isodnlcttan, CjHjjOs- 

Water p — 9.238, d= i 0281, t = 20°, [a]/, = 487“ 

This shows no multirotation in water solution .” 

Water 71 = 27982, = 1.1002, f = 20°, [«]/) = -] 6.36® 

Water.. -.71 = 21.519 “ =10765, if = 20, “ = -|. 9.43 

Water 7I = 14 419. “ = i 0507, t — io, “ = 4- 9 34 

Methyl alcohol (97.94 p. c ), /. = 19.06, d’^' — o 8842, [«]/. = — 10.59 

In alcoholic solution the rotation may be either -f- or — 
according to the concentration and the percentage of water in 
the alcohol. Rayman and Kruis’ obtained the following num- 
bers : 

1 Schiielle and Tolleiis * Ijoc cti, 

2 Parens and Tollens Ann Chem (I^tebigf), 357, 160 
» Jacobi 

< Schulze, Pollens* Ann Chem (l^iebig), 371, 49 
5 Compt rend ,131, 1150, 

^ Ibtd , 133 , 86 

? Bull soc chim , [2], 48, 63s 
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Ethyl alcohol ( 5.3T p. c.), p — I 7 * 579 i df = i-o 534 » 

“ (I0 9T*‘“) 16.694 1.0432 + 

“ (29.84**“ ) 17690 1.0170 ~1- 4**4 

“ “ (43*57 18621 0,9960 + 3-28 

*‘ “ (38.27 11.177 0.9767 + 2.35 

“ *‘ (66,09*“*) 12669 0.9482 0.84 

** “ (94‘Oo “ “ ) 10.445 0.8502 9*23 

** ** (96.11“**). 7028 0.8292 — XO.04 

** ** (97.36““) 4875 0.8159 —10.69 

“ (99 33 “ “ ) 9 368 0.8176 10.65 


Rhamnose Oxime^ CgH^gOi-NOH. Crystals ; melting-point 
127° to 128°. Does not show multirotation. See §72. 

Rhavmose Phenylhydrazoiic, CgHigO^. (N^H. CgHg) . Colorless 
scales \ melting-point 159°. Dissolved in water by gentle heat 
and quickly cooled: 

— ion, ^10091, t-~2Qp, [n*]/) H 54.3"* ’ 

It does not show birotation. The rapidity of hydrazone 
formation may be followed by the polariscope.’" 


GALAcmsE, (Lactoglucose), CH,.OH.(CH.OH),.CHO. 
d-Galacfo$e Found in three modifications. See §72. 
Ordinar^f Galactose, Granular crystals ; melting-point 168® ;® 
161® to 162° ,* 162°.'^ 

For the constant form there has been found * 

Watei, c lo to 15°, [rr]/) [ 8i 4 to 81 7® “ 

Water, -10, rf*® ^1.0385, f - iS®, [^r]/} - -| 81 2® ^ 

Water, c - 9 973, t 15®, [fr]y> ' - -f- 8r oi® ** 

Water, - 10 182, - 1.0395, /-'205®, [cr]/> - -j 805'*’* 

Water, 10, 10379, ^ 20°, [a]/> ^ -f-8i 5®,;[<r] / 1 92,0®^** 

From /^-galactan 

Water l 10078, t 15°, [or]/) -- -f 81.54® 

For the dependence of the specific rotation of aqueous solu- 

< Fischei , Tafel Her cl cliem. Ges , ao, 2«>74 
2 Jacobi , Auii, Chem, (I^iebxg), 373, 174 
■* V. lyipptnauu , Ber d, chem Ges , 18, 3335. 

* MiiiiU . Jahresber,, 1882, p, 1125 
» SchtUre, Stcigei : I^and Vers. Stat , 36, 423 
« Kent, Tollens: Ber d chem Ges , 17, 668 
7 Scheiblcr /Azrf, 17, 1731. 

^ Steiger, Ztsch physiol Chem, 11,373. 

® Tolleiis, Stone Ber d. chem. Ges ,31, 1573 
V T.ippiuaiin /did,, 17, 2239. 

Schulze, Steiger: nand, Vers, Stat., 36, 423. / 
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tions on the percentage strength and temperature, Meissl h 
found^ 

[a ] = 83 883 + o 0785 p — 0.209 /, 
which formula holds for / = 5® to 35® and t = 10® to 30°. 

Rindell* gives the formula 

= 83.037 + 0.199 P — (0.276 — 0.0025 P) i, 
holding for ^ = ii® to 20® and ^ = 4® to 40®. 

The two formulas lead to the following specific rotations : 

p=z 10 15 20 

* - ^ » 

/ = 10° 20® 30® 10® 20® 30® 10® 20® * 30® 

J Meissl 8258804978.40 82.9780887879 83.36 81,27 79 .i£ 
*• (Rindell 82.52 80 01 77 50 83 64 81.25 78.87 84 76 82.50 80 2^ 

Galactose possesses multirotation. For the beginning rot£ 
tion Meissl found 130° to 140®, v I^ippmann 134.5®, Kocl 
^32.5°, 133.8®, 137.4®. Parens and Tollens'^ give the follow 
ing observations : 


11X1810 / = 20° 


Time after solution 


7 minutes . 

8 
10 
20 

30 

40 

50 

1 hour*. 

2 hours. 

4 “ • 

5 “ 

6 “ 1 

7 “ I 

24 “ J 


fa]/. 


117.23° 

116.14 
114.27 
107.71 
102 87 
98 81 
95.88 
93 35 

83.99 

81.02 

80.55 

80.39 


c « 10 2045 t 


Time after solution 


7 minutes . 

8 

10 
20 

30 
40 
50 

X hour. 

2 hours 

3 “ 

7 “ 

124 " 



[a]/> 


.. 11748® 

. 116 47 

• I14 43 

‘ 107 31 

102.40 

98.33. 

9426 

91.72 

• 83.58 

81 37 

. 80 27 


^ J. prakt Chem , [a], aa, 97 
3 Sclieibler’s N Z. Rbz -Ind , 4, 170. 
3 Phanu Ztg. f Russl , 1886 
< Ann Cbem (I<iebiR), 357, 168 
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From the curve constructed from this we have : 

[ a] 7) after 2 minutes = about 122® 

“ at moment of solution =: “ 127° 

o. I per cent ammonia destroys the multirotation/ 

d-Galactose OximCy CgHijO^'NOH. Crystals ; melting-point^ 
’175® to 176®. Miiltirotation shown. 

Water / — 5 1056, = i 017, / = 20® 

After 10 minutes [a]/? -=: + 20 6® 

“ 20 hours constant “ =:4- 14.75 

On account of the slight solubility in cold water, solutions 
up to a strength of 5 per cent, only could be investigated.® 

d~Galactose PhenylkydrazonCy CQHiaOgiCNaH.C^Hg). Crystals; 
inelting-pomt, 158° 

Dissolved by aid of gentle heat in water and quickly cooled : 
p - 1 980 1.0065, t — 20®, \_oc]d = — 21.6® 

Multirotation could not be observed.® See also Fischer and 
'Tafel.‘ 

d-Galactose Amltdcy NH-C^Hg Triclinic crystals; 

melting-point about 147°. 

Ethyl alcohol (90 vol. per cent ) 
p=~2 289, d"^' o 8366, f --= 20® to 23®, [a]D — — 31 33® 

2.099, “ 08334, ^ — 20® to 23®, “ ^—31.44® 

Methyl alcohol 7907) 

/»- 1699, df -0,7997, 20® to 23°, [n:]/> ^ — 33 12® 

d-Galactose-p-toluidCy CgHnOg HNCCHg) C^H^ Crystals; 
luelting-pomt, 139°. 

Methyl alcohol (as above) 

p 0.6167, o 7952, t -- 20® to 23®, [a]j) — 33 99® 

Ethyl alcohol (50 per cent ) 

p -- o 9832, d^' o 9316, t 20° to 23®, [or]/, 10 91® 8 

d-Galactose Peniaaceiatey CgH70g(CaH30)g. Glistening rhom- 
bic plates ; melting-point, 142®. Right-rotating ® 

l-Galactose. Formed m the fermentation of ^-galactose by 

1 Schulze, Tollens Anu. Chem, (niebig), 27*1 49 
^ Jacobi Ber d cliem. Oes., 24, 698. 

8 Jacobi , Ann. Chem. (I^iebig), 37a, 173- 
* Ber, d, chem Ges., ao, 2568 
fi Sorokin J. prakt. Chem,, [2], 37 » 295 and 509 
® Fudakowsky ; Ber. d. chem Ges„ 11, 1071 
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beer yeast. Crystals ; melting-pomt, i6a° to 163“ (not coi 
Exhibits multirotation. 

Water ^ lo; [a]y) after 8 mhiutes - 120® 

“ constant - — 73*6*^ 

These values may be looked upon as approximate only 
the preparation used was not sufficiently pure/ 

Sorbin (Sorbinose, sorbose), CHgOH.(CH.OH);i.C 
CHgOH. Rhombic crystals. 

Water 23, [a]^ — 4 ^* 9 ° ^ 

“ c - 9.957, 

Shows no birotation. 

GnucosE (Glycose) 

d-Glucose (Dextrose, grape-sugar, starch sugar), CHaOl 
(CH0H)4^CH0 + HjjO. On the three modifications of rf’-gliico 
see §72, p. 260, 

Ordinary Glucose, Hydrated : monoclinic crystals ; aiih 
drous . rhombic hemihedral. The constant specific rotatic 
of flf-glucose has been determined by many observers. T1 
most reliable determinations in respect to purity of substan< 
as well as to accuracy in measurements, are those of Tolleii.*- 
and they have shown that the specific rotation increases to a 
appreciable extent with the percentage amount of glucose 
in the solution. The increase may be expressed by the follov 
ing formulas^ which hold from the weakest to the strongef 
solutions 

I. Anhydrous Glucose, t—- 17® 

' [cr]/> — 52.5CJ + 0,018796 p o 00051683 /»■ 

~ 59 55 — 0^12216 ^ + 00005168 <7- 

II. Hydrated Glucose, C(,HiaO„ + H^O * 

laJjj = 47 73 + o 015534 p + 0.0003883 

According to this, we have the following specific rotation, 
for solutions containing different amounts of anhydrous glu 
cose • 

1 Fischer, Hertz Ber d chem Ges , 35, 1247. 

“ Berthelot Ann chim phys , [3], 35, 222, 

» Wehmer, Tollens Ann Chem (I^iebig), 343, 320. 

< Ber d chem Ges , p, 487, 1531 , 17, 2234 

» /did , 17, 2238 
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p - 

S 

10 

J 5 

20 

25 

30 


52.61 

52.74 

52 90 

53 - o 8 

53.29 

5353® 

p -^ 

35 

40 

50 

60 

70 

80 

lcx}n -- 

53.79 

54.08 

54.73 

55.49 

56 35 

51.31® 

Compare 

with reference 

; to this, 

Ost,' 

and 

the reply 


Tollens.-* 


Solutions freshly prepared, without heat, show birotation 
(see §72). Among the many experiments on the change in 
the rotation of glucose, it will be sufficient to quote those of 
Parcus and Tollens as the most exact, * These were made 
with glucose, prepared according to Soxhlet*s method from 
cane-sugar, and dried at 60° to 70°, 


/ 20 °, 4: sss 9 0970 

f «55255 

Time after solution 

[«]y. 

Time after solution 


572 minutes 

105.16° 

7 minutes 

104 26° 

6V. “ 

io 4 59 

8 “ 

103 64 

10 “ 

loi 55 

9 “ 

103 or 

12 “ . . 

100 03 

10 “ 

102.38 

14 

97.94 

12 “ 

loi 13 

20 “ 

92 42 

13 “ 

100 50 

30 “ 

8386 

14 “ 

99.88 

50 

72.26 

15 “ 

9863 

T hour .... 

68 27 

25 “ 

92 35 

l^|^ hours 

63 33 

30 “ 

88 61 


CO 71 

I hour 

73 58 


Dy / * 


6 “ constant. 

52 49 

7 hours, constant . . 

52 60 


The end rotation appears immediately when the glucose has 
been heated to melting,' or when the solution is heated for 
some time.“ The addition of o.i per cent, of ammonia 
destroys the multirotatioii,''but if more ammonia is added the 
specific rotation is much decreased 


c - about 10, i 20° • Directly after solution 

After 30 iniiiutes 

After 1V55 hours 

After 24 houis 


[cy]/> -- 49 82® 
“ " 50 00 


“ -4965 
“ ---- 46.36 


1 Ber d chfiin Oes , 34, 1641 
^ Ihtd , 34, sooo, 

J Ann Chetn (t,ielng), 357, 164, 

^ Schmidt: n 9»95 

Hesse • 193, 17a. 

« Schulae atid Tollens 371, 49 



InHuence of Inactive Substances on the Rotation of Glucose 

Pribram' has determined the effect of addition of the follow 
ing substances on the specific rotation of glucose, the end 
rotation reached in each case after long standing being finally 
measured . 

I, Ammonium Carbonate, 

Solutions which contained in loo cc. 16.46 grains of anhy- 
drous glucose and p grams of the salt gave . 

^=0 2 4 6 8 10 

[a]g= 52 83 52 40 52 22 51.36 51 II 50 85° 

There is, therefore, a slight decrease in the specific rotation 
of the glucose. 

2 Urea, 

The solutions contained in 100 cc , 15.797 grams of anhy- 
drous glucose and p grams of urea . 

p==z o 4 8 12 16 

Ms = 52.91 52.84 52.61 52.23 5195° 

There is also here a decrease in the specific rotation, but 
it is slight. According to Neumann Wender,® neither urea nor 
any other substance in urine has any effect on the rotation of 
glucose. 

3, Acetone, 

The solution contained in 100 cc., 15 68 grams of anhydrous 
glucose, c grams of acetone and water 

o 4 8 12 16 20 24 40 50 

Mg = 52.89 5329 5363 5394 5423 5453 5481 56.19 5703° 

The specific rotation of glucose increases in rather marked 
degree with increase in the acetone content of the solutions. 

Alkalies and also lime bring about a gradual decrease in the 
rotation, and its final disappearance by decomposition and 
production of salts of saccharinic acid (left-rotating), glucinic 
acid, and humus-like bodies. 

Derivatives of of-Glucose 

Glucoseamine Hydrochloride, CHg. OH ( CH . OH ) CH ( NHg ) 

1 Sitzungfsber d Wiexi Akad , 9?, II 37s 

2 Ber d cbem Oes , 34, 2200 
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OOH.HCl. Monosyiumetric crystals. From lobster shells. 

Water P d” 1.01865, i ao, [or]/) +74.64*)* 

“ p a-.TOS. " 1.00853, / ao, “ )- 70.61 J 

Ghicoseaminc flydrobrnnide, CglluNOcHBr. Monosym- 
metric crystals. 


Water 

p 

33 $ 55 , d^ 

i.ii 46» ao‘’» 

[or]/. - 59.37' 

a 1 1 t 

p 

I 2 .. 505 , " 

1.0601, /-'-ao, 

“ 59.^3 

II ^ ^ 

p 

S.. 3 I 2 . 

r.0237, / 30 , 

" 60.23 


The .specific rotation increases therefore with the dilution 
according to the fonnula : 


5 S-a« t o.os.v/-‘ 

Gliu’0sf0xim<\ C„I1,/)5:N()II. Colorle.ss pri.sins; melting- 
point, 136° to 1,37'’:'' 135“.' vShows imiltirotalion. 

Water.. -p 9.367, d 1.0295, ^ 20*1* 


[o )/i afU‘1 15 immUoh $.$ 

“ “ 18 h(>ur.s consliuil a. a 


Glneosf Irisu/phittir Atid, C„ir„(),|(IIS(),),. 

w.ilfi II, (fi)/. I 432°" 

Gluto^f Tt'tiasidplmrii Itid C/tlondt', C„II,OCl(IIS(),)4. 
.Square pri.sin.s. 

WuU't I 4.4. l« |/' I 71.H" ' 

. lcv(Oi/tloi/iyd)<K\t' ( ( 'ilucose-monochloi hydrin-tetiacelate) , 
C.H,(C,U,t)),(), 01. 

l..|, I 117 "- 

( tlhu'ose tetracetate-niononitiate) ,C„1I,( 0^11,0),. 
NO, CiystaK , melting-iMiint, i j.s”. 

!■>). I 

Ottatety! C„il„(C,lIaO)«Ot|. 

I. Crystals ; ineltinH-iioint, 39° to 40" 

Water / 16" to 17", [n]/. I .^46*“'" 

> Wt'KSi.licItlri Ilri il Him. i!<'» . 19, SJ 
« Timunn, l^RUtluU /f*uf , lo. 

>• JtUHthl 

< Wohl Hpi tl. , 24 t 

■* Jttcohl * //*ui , a4» 

J piiikt Chcm., (J), ao> jA. 

" Colley; ifiul., 70H‘H. 

« CoU«*y /A/f/., 7 d, 4 V» 

Demolt* ‘ <1 <k%, iSi Hi.?*'*. 
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II. Cauliflower-like groups (from ether) ; melting-point, 
128° to 133®. 

Benzene c -=^ 2.415, [<r]y) r:. | 22,50® * 

Glucose Phcnylhydrasone^ CtjHjaOgCNaH.CflHg). 

Exists in two isomeric forms ; the pure white crystals only, 
with melting-point ii3to 115, were investigated optically. 
They show strong multirotation. 

p 9.181, T.0257, t 20® 

[tr]/) after 10 niimiles 15*3® 

“ “ 12 to 15 hours, constant. 46.9 

The multirotation is not due to the fact that the substance 
had passed into the isomeric modification, because the crystals 
again obtained from the .solution melt at 114®.* 

Glucose Anilide y CoHii05.HN.C,jHfl. vSheaves of needles; 
melting-point about 147®. 


P - 5 029. 

Methyl alcohol {d^ 79^7 ) ^ 

0.8065, 1 20® to 23®, [tt]/) 

48.32“ 

P --- 3.326. 

“ - 0.8055, t 20® to 23®, 

49.15 

Ethyl alcohol of 90 vol. pex cent, {d'f 0.8294): 


p -4.697. 

08453, t 20® to 23®, [«]/) 

44.08“ 1 

p - 3.269, 

“ - 0.8407, 1 20“ to 23®, “ 

44.1s ] 


Glucose Paratoluide, C„Hi, 0 ,.HN. ( + 7 ,H,(). Crys- 
tals; melting-point, 106®, 

Methyl alcohol (as above) : I ^ 


p 

7.879. 

d'f - 08243, 

i 

22® to 26®, 


43 . 88 “ 

p- 

4.082, 

“ 0.8061, 

t 

22® to 26®, 

« 1 

42.55 

p - 

2.613, 

“ - 0.8007, 

t 

22® to 26®, 

u 

.38.23 



I5thyl alcohol (tis above) • 



p 

6658, 

df 0.8513, 

i 

22® to 26®, 

[<!]/■ 

38.80® 


Glucose Ethyhncrcaptal, Crystals. 

Water.... p 4.87S, rfw 1.002, t 50°, [<r]/j 29.8“' 

/-Glucose. 

From /-gluconic acid anhydride. Cry,stals ; nidting-point, 
141° to 143°. 

1 Ilerzfelcl, Aini.Chem (lyiebifT), aao, aiy. 

« Jacobi ; /dtef , aya, 171, 

3 Soiokin • J prakt. Cliein , [a], 37, 295, 

* Sorokin : / dui , [a], 37, 308, 

3 Fischer Ber d.cheni, Oefl,, 27, 673. 
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Water / 4 -” 4 . i'Oi6, t- ao® 1 ’ 


[«]/> after 7 mimiles * 94»5 

“ “7 hours, constant * 5 1.4 


MANNOfeK (Semino«e), CH,()H.(CH.OH),.CH().“ 
d^Mannosi\ 

I. From mamiitol by oxidation. Crystals. 

Watei !> about 10, 104x6, i ao®, [a]/* | 12.96® 

II. From lutt shells : 

Water c al)oiii 10, i 20®, [a]/) | 14.36® 

The .small difference is due to the amorphous nature of the 
latter product/ 

d-Mannose Oxime, Crystals; melting-point 

lyd'’ 'I' 176^ to 184® (not constant).*’ 

Kxhibits multirotatioii. On account of the difficult .solu- 
bility, a 5 per cent solution only could be investigated. 

Walei p 4798, (/ i.or6, / 20®]” 


[a]/» after 10 nniniles I 7*5 

'• ” 6 hcuiis, constant .. ... I 3.-2 


l-^ Mannose. From /-mannonic acid anhydndc. vSiuq) 

111 aqueous .solution rotates to the left.*^ 

The phenyl hydra/one, melting-point is iiglit-iotatnig 

111 hydrochloiic acid solution ; tlie phenylgluco.sa/.one, melting- 
point 205®, IS strongly right-rotating in glacial acetic acid 
solution,** 


RhamnoiikxOvSK, Methylhexo.se, CIIi.( CHOH 
0 , 11 , Fiom rhanuiohexonic acid. Cry.stals ; melting-point, 
ivSo® to 181*’ Shows .strong niultirotation 


Watei p 9 -^» 75 . d I' 1 ‘» 347 > ^ 

Aftei ',a Inair [oJ/j 


.Vfter 12 hours, eon.stant.. 

« l^Sriclut Xh'i <1 iiu*m Or‘<,a3,aMH 
•> FlmlK'i, IlnnehbriKet aa, iiss 
•» l*l«L'hci, IliiwhbriKci aa, 

* Ki8c)u*ran<l Uiisdibcigei //W,, aa, 

KeiMH, //'/«/„ aa, 6 n. 

FlHt'hcru!i4 nifMdiborKfr Jhtf ^ aa, 

• JtUfobl . /but , 24, bys 

8 /but ,23, ^71 

“ Mnchei 

lu Hloty. Hei d. du*m OeH . 33, 


20® 

82,9 

61.4 


111 
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a-GivUCOHBPToSE, CH,OH, (CH.0H)5.CH0 ^ C,H,A- 
From a-glucoheptonic acid. Rhombic plates ; melting-point; 
i8o° to 190®. Shows weak birotation. For a solution made 
by gently warming with water, ^ = 10, t = 20®, lat]n= — 
19.7° at once, and after fifteen minutes with greater dilution 
= - 25",^ 

fi-Glucoheptose^ not yet investigated. 

oT-Mannoheptosb, (at 104®). Crystals; melting- 

point, 134® to 135® (notcorr.). From ^-mannoheptonic acid. 
Exhibits multirotation 

Water > == 10.807, = i* 0397 » ^ = 20® I ** 

After 10 minutes [a]/, = -|- 85.05 . 

After 24 hours, constant 68 64 

UMannoheptose^ from /-mannoheptonic acid, could not be ob- 
tained in a crystalline condition, but is characterized by its 
phenylhydrazone, melting at 196°, with complete decom- 
position.’ 

)8-Gai.aheptose, Melting-point, 190® to 194®. 

Shows multirotation. 

Water / = 9 2, 10 minutes after solution [a]^= — 22.5® 

After 24 hours = — 54 4® 

Rhamnohbptose, CgHigO^ From rhamnoheptonic acid. 

Water ..... ^ = 9 40, / = 20®, la]n = + 84® (about) 

^-Gbucooctosb, CgHigOg + 2H2O. From ar-glucooctonic 
acid. Needles ; melting-point, 93® (uncorr.) Shows multi- 
rotation. 

Water p = 6 496, a? = i 0213, t -= 20® ® 

Hydratftd Anhydrous 

After a shoit time 1^1 r> = — 61.5® — 70.8® 

After 6 hours, constant . ~ — 43.9 — 50.5 

^-Mannooctosb, CgHigOg. From ^-mannooctonic acid. 
Colorless sirup. 

, [a]55 (approx ) = — 3.3® » 

1 Fischer Ann. Chem (I^icbig), a 70, 64 

9 Fischer, Passmore Ber d chem Ges , ^3, 2228 

« Smith Ann Chem {I.iebig), 373, 183. 

* Fischer /dirf., 388, 155 

6 Fischer / 6 td , 370, 64 

® Fischer, Passmore Ber d chem Ges , 33, 2234 
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Gai^aoctosb, + HjO. From galaoctomc acid lac- 

tone. Thin plates, melting-point, 109® to in®. 

Wn > — 40 ° ^ 

d?-MANNONONOSB, C^Hj^Og. From ^-mannonononic acid. 
Crystals ; melting-point about 130®. 

1^1 n (approx ) '== + 50.0® 2 

17. pxyketones. Ketoses 

a^-FructoS]^, levulose, fruit-sugar, CHj,OH.(CH.OH)8.CO. 
CHgOH ==. CgHjjjOg. Thls body shows left rotation in aqueous 
solution, which, as first shown by Dubrunfaut,® decreases 
rapidly with elevation of temperature. Besides this, the freshly 
dissolved fructose shows multirotation (§72). The numerical 
data given below hold for the constant end rotation. 

On the production of pure levulose from inulin, see Wohl.‘‘ 

Earlier investigations by Herzfeld,® Winter,® Herzfeld and 
Winter’ gave specific rotations which, for example, for p == 
20® and /=2o®, varied between [nr],j= — 7059® and 
-71.47® 

The following observers found a much higher value 

I Honig and Jesser They give the formulas 

a. For the influence of temperature : 

For;>-- 9, 103 92 + 0 671 A for if = 13° to 40° 

“ — 23 5, “ - — 107 65 + o 692 /, “ if 9° to 45° , 

b. For the effect of the percentage amount of water q in the 
solution, 

[a]®° “ - 1 13 96 -I O 258 for q 60 to 95 per cent. , 
from which follows 

For 100 - ^ 5 10 20 30 40 

- 89.42 — 90.72 — 93 30 — 95.88 — 98.47° 

According to Honig and Jesser, the lower values of Herz- 
feld depend on this, that in the conversion of inulin into sugar 

1 Fischer. Ann Chem (I^cbig), 988, 150 

* Fischer, Passmore 
Compt rend , 49, 90X 

* Ber d chem. Oes , 93 » 2107. 

Ann. Chem. (I^iehig)^ 944, 287. 

« /did , 944 > 300* 

7 Ber d, chem. Ges., 19, 393 
Ztschr. fiir Riibenzitcker-Ind., (i888), p. 1028. 
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dextrines are always formed which, by the method of puri- 
fication with ether-alcohol employed by the latter, cannot be 
completely removed. 

2. Jungfleisch and Grimbert' combine the following deter- 
minations, made for different concentrations and temperatures : 


r « 9 75 

< ^8.75 

/ 

i 

[«]/>. 

/ 

[«]/> 

( 


— 07.11 

o® 

—105.76 
— T02 20 

Q, 7 (; 

y 

17 

— OT.*J«n 


XO.^ .«*.•«**.* 



-•« 89.90 

16 

— 97.62 



09.” * 




“ 90.39 

hR 





40.70 ••••••••• 



AO 

— 82.53 





91*55 
92.72 
95 ‘SO 

97.07 


under the general fonntrla , 

M/)' —[101.38 -0.56/ 1 o.ro8(^ u))l, 

Ost^ investigated fifteen solutions, the strength of which 
varied between i and 30 per cent, of levulose, at 20®, and cal- 
culated this formula . 

(9r.9« I oiufi) 

4. Parcus and Tollens’’ found 

for/ ^ 10, t 20®, [fr|/» 921092,3® 

5. Wohl found' 

for/i “I- ia,T7 or — T0.S7, / 20®, \( x]n 91.8® 

According to the above five observers, the specific rotation 
of a 10 per cent, solution at the temperature of observation 
varies between — 90.2° and 93®. 

In alcoholic solution, levulose has about two-thirds the 
rotation shown in water. 

With reference to the mill tirotation, or decrease in the rota- 
tion of freshly prepared solutions, we have the following ob- 
servations : 

I . Parcus and Tolleus 

1 Conipt. rcud , 107, 390. 

^ Bei. d, chem Ges , 34, 1636. 

a Aim. Clieni. (lyieblg), 357, i(So. 

^ Bei. d. chem. Ges., 93, 3090. 

Aim, Cheni (Meblg), 357, 6. 



INVERT SUGAR 


591 


c =r, 10, t 20®, First rotation after 6 min [cr]/) — 104.0® 

Bud rotation “25 “ = — 92.3 

and I hour [or]/) — — 92 i 

2. Schulze and Tollens ^ 

= 10, if = 20®, First rotation after 15 min. [or]/, = — 92.3® 

’ End rotation 20 hours “ = — 90,9 

111 o. I per cent, ammonia the constant end rotation is reached 
in five minutes. 

3 Jungfleisch and Grimbert^ give, among others, the fol- 
lowing observations 


c s=r 1,779, / = 8<» c =» 9 75, i ^ 7‘> 


After 10 min 

[«]/> = 

— ' 106 02° 

After 35 min. [a]/) -= — 97*33® 

“ 20 

(1 

- 9932 

“ 55 “ 

=--96.11 

" 45 ‘‘ 

(( 

— 93-83 

“ 75 “ 

“ =-9511 

.. go .1 

(C 

— 92 00 

» 105 » 

“ =-94 77 


If the levulose solution in water is heated, a further gradual 
reduction takes place according to Jungfleisch and Gnmbert, 
and to avoid tins, the temperature should not go above 40®. 
But Osf did not observe this decrease. 

According to their strength, acids affect the specific rotation 
of levulose in different ways (Dubrunfaut, Jungfleisch and 
Gnmbert, Ost) 

I^evulose anilide is characterized by a very high rotation 
Sorokin** found 

111 ethyl alcohol / --07J2 [ar]/jr= — 215.7° 

" “ “ /»---2 0 i 6 “ — 1855 

In methyl alcohol p - 1 436 " =r= — 181.5 

18. Invert Sugar 

The rotating power of the invert sugar solutions obtained by 
the action of acids on cane-sugar solutions has been investi- 
gated mainly by Gubbe,**’ Ost,** Wohl,' and others. AsGubbe, 
and later Ost found, the inversion is most conveniently accom- 
plished by heating 100 parts of cane-sugar with i part of oxalic 

1 Aim. Chem. (niebig), 371, 53, 

Compt rend , 107, 390* 

Ber. d. chem Ges , 34, 1643 
■* J i>rakt Chem, [a], 37, 195 
<> Ber d chem Ges , 18, aaoy 
« 34, 1640 

’ 33, 3087 
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acid, in aqueous solution, for several hours to 50° or 60*^. No 
modification of the rotation of the invert sugar takes place 
here as is the case on heating with hydrochloric or sulphunc 
acid. 

The rotation of this sugar mixture is subject to many 
changes, and the following conditions have especial influence. 

Concentration , — From careful experiments, Gubbe de- 
duces the following formulas, based on a temperature of 20® : 

(I) [a]®° ~ 19.447 — o 06068^ + 0.000221 

(II) “ = — 23 305 — 0.01649 q -f- 0.000221 

holding for/ = 9 to 68, or = 32 to 91 ; 

(III) [orjjj 19 657 — o 0361 c , 

holding for c up to 35. 

Ost gives the expression 

[a]]® ~ 19 82 — 0.04 p , 

holding for / = 2 to 30. 

b. Temperature , — ^This formula was given by Tuchschmidt/ 
for c = 17.21 and / = 5 to 35, 

Myj = 27.9 + os 2 t 

I^ippmann found nearly the same in a series of experiments 
extending tg t = 80°. ® 

More accurate formulas deduced by Gubbe from his experi- 
ments are these 


(IV) For / o® to 30° [orJJj == [0:]=° +0 3041 — 20) -f o 00165 {i — 20)-^ 

(V) “2f^2O®“lO0® = " +0.3246 (^--20) -^0.00021 (^^20)*^ 

If we calculate the values for different percentage strengths 
and temperatures of invert sugar solutions according to Gubbe’ s 
formulas, I and IV, we obtain this table 




C= 10 

c = i5 

c « 20 

11 

VI 

c=s30 


— 2403 

— 3421 

-24.39 

— 24.58 

'-2475 

— 2493 

10 

— 22 72 

— 22.90 

— 23 08 

— 23.26 

— 2344 

— 23.62 

15 

— 21 32 

— 21.50 

— 21.68 

— 21.86 

— 22.04 

— 22 22 

20 

— 1984 

— 20.02 

— 20.20 

— 30 38 

— 20.56 

-~20 74 

25 

— 18 28 

— 18 46 

— 18 64 

— 18.83 

— 19.00 

— 19.18 



— 16 63 

— i6.8r 

L- ^^.99. 

=J3A7. 




fffor 1 
^==51 


o.iS 0,18 o.r8 o,i8 0.18 


1 J prakt Cliem , [2], a, 335 
3 2Jtschr fur RUbenzuclcer-lnd., 4, 303, 
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As the rotation of invert sugar solutions decreases with tem- 
perature elevation, it must follow that it becomes o at some 
definite temperature and changes to right rotation at a still 
higher heat. This temperature of inactivity is 87.2° accord- 
ing to Tuchschmidt, and 87.8® according to lyippmann. 

For solutions inverted with oxalic acid, Gubbe found these 
temperatures . 

79.39° 10), 8043° 20), 8147° (^=:3o) - 

The decrease and final change in direction of rotation is ex- 
plained by the fact that the rotating power of levulose dimin- 
ishes rapidly with increasing temperature, while that of dex- 
trose is but slightly changed. 

c. Presence of Acids , — That the specific rotation of invert 
sugar solutions made from cane-sugar suffers a change by 
reason of different amounts of acids employed was shown first 
by Dubrunfaut,^ and later by Gubbe.** According to the 
experiments of the latter, hydrochloric and sulphuric acids 
produce an increase in the specific rotation, which, for solu- 
tions containing 10 parts of invert sugar m 100 parts of water 
and J parts of acid, may be expressed by the following 
formulas 

Sulphuric acid . . ~ ( 19 983 + 0.1698 s) holding for ^ — o i to 5 

Hydrochloric acid “ - — ( 19 995 + o 3262 s) “ “ .y — o 1 10 3 

If, however, cane-sugar is inverted with different amounts 
of oxalic acid (o i to 4 3 parts for 10 parts of invert sugar and 
100 parts of water), the specific rotation remains constant. 

If an invert sugar solution is warmed with hydrochloric acid 
and then diluted, the liquid does not assume the proper end 
rotation corresponding to the dilution until after about twenty- 
four hours.** 

d, Temperahm of hiverstori , — Invert sugar solutions made 
by action of mineral acids on cane-sugar solutions, with appli- 
cation of heat, suffer a decrease in the rotation if the heating is 
increased or long-continued. 

There are no accurate experiments on this, but only occa- 

' Corapt rend , as* 38 

» Her d cheni Oes , 18, 2210 

a Gul5be , Ibtd ^ 18, 221X, Wohl Ibni , as, 2087 

38 
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sional statements. According to Herzfeld,^ if a solution con- 
taining 13.024 grams of cane-sugar in 50 cc. of water is warmed 
with 5 cc. of 38 per cent, hydrochloric acid to 69*^, the inver- 
sion IS complete in seven minutes, and in fifteen minutes, a 
decrease in the rotation has already begun. Under the same 
conditions, but employing 75 cc of water, the maximum rota- 
tion is again reached in seven minutes and the decrease 
begins in twenty minutes Wohl*'^ also found that when 
invert sugar solutions are warmed with hydrochloric acid 
for' some tune, the left rotation as well as the copper oxide re- 
ducing-power decreases more and more, because dextnne-like 
products are formed from the levulo&e. 

In general, the velocity of inversion increases rapidly with 
the temperature, and for all acids In addition, when strong 
acids are used, it is increased by the presence of neutral salts of 
the same acids, which action, however, diminishes with ele- 
vation of temperature.** 

<?. Formation of Dehydration Products — If acid-free invert 
sugar solutions are evaporated tn vacuo to a sirup, dehydration 
compounds (right-rotating levulosan) are formed, and on re- 
solution a much weaker left rotation, or even a right rotation, 
IS found On standing wSeveral hours in the cold or after heat- 
ing a short time to 67® to 70® with addition of hydrochloric 
acid, the normal rotation returns ' 

b. Behavior of Inactive Bodies , — Alcohol greatly decreases 
the left rotation of invert sugar, and on warming, right rota- 
tion may appear.’ According to Uandolt,” a solution of 20 
grams of invert sugar in 15 cc. of water and diluted with abso- 
lute alcohol to 100 cc. IS inactive at 38°, and rotates above 
this temperature to the right, and below it to the left. Accord- 
ing to Horsin-Ddon, anhydrous invert sugar dissolved in abso- 
lute alcohol shows no rotation, but becomes left-rotating on 
addition of water. 

A Ztschr fur Rubenzucker-Iud (iS88), p 707 

- Ber. d chem Ges , 23, 20 q6 

• Spohr J prakt Chera , [2], 33, 32 • 

+ Degener Ztschr fur Rhbenrucker-Iiid (1886), p. 344; Her/feld Ibid (1887), 
p 908 

Jodin Compt rend , 58, 613 

“ Ber d chem Ges , 13, 2335 
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lyime produces a decrease in the left rotation,' 

Basic lead acetate added in increasing amounts to an invert 
sugar solution decreases the left rotation, and converts it into 
increasing right rotation.® 

On employing a basic lead acetate solution of 1.222 sp. gr., 
Bittmanii'' found these deviations in the Ventzkesaccharimeter. 


Invert sugar 
solution 
cc 

Water 

cc 

Basic lead 
acetate 
cc. 

Ventzke 

degrees 

50 

50 

.. 

— 2.3® 

50 

40 

10 

— I.O 

SO 

30 

20 

+ 3-7 

50 

10 

40 

+ 75 

10 

40 


— 2.2® 

10 

30 

10 

+ 1*5 

10 


40 

+ 64 

5 

5 

40 

+ 76 

Invert sugar 
solution 
cc 

Alcohol 

cc 

! Basic lead 

1 acetate 
cc 

Ventzke 

degrees 

lu 

40 

I 

1 

0 

0 

10 

30 

, 10 

+ 40 

10 

20 

1 20 

+ 6.9 

5 

45 

i 

1 

- 04® 

5 

35 

10 

1 86 


Coviposition of Invert Sugar —For a long time it has been 
a.s.sumed that invert sugar is a mixture of equal parts of dex- 
trose and levulose, but it is only recently that the correctne.ss 
of this assumption has been shown by Honig' and Jesser, which 
they did by proving that the anthmetical mean of the specific 
rotations of the two components coincides with the specific 
rotation of invert-sugar. This proof was never successful 
before, because .sufficient knowledge of the numerical data 

^ Jodiii Loc, cit 

•J C, Haiiglitoii GiU ; J Chem Soc , a4> 9i- 
ZtBchr ftir RUbeussucker-Ind., (tS8o), p 876 

4 Jbul . (1888), p 1037. 
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in question was lacking. These data are given by the follow* 
ing formulas : 


Dextrose [a]^ = + 52.50 + o 0188 p + 0.000517 ^ 

Devulose “ = — 88 13 — 0.2583 p * 

Invert sugar “ = ■— 19 447 — o 06068 p + 0.000221 p^ ® 


If now the specific rotations of these sugars for different 
strengths, p, be calculated, we have from the above formulas : 


p 

Dextrose 

I^evulose 

Anihmetical 

mean 

Invert-sugar 

Difference 

2q 

+ 53 -08 

— 9330 

— 20 II 

— 20 57 

+ 0,46 

25 

+ 53-29 

— 94‘59 

— 20.65 

~ 20.83 

H- 0 18 

30 

+ 53-53 

— 95 88 

— 21.18 

— 21.07 

— 0 II 

35 1 

+ 53 79 

— 97 17 

— 21 69 

— 21 30 

'-039 


The same calculation has been carried out by Ost ^ 

The agreement with observation confirms the above assump- 
tion fully and an earlier suggestion of Winter® that invert 
sugar may be made up of 4 parts of levulose and 3 parts of 
dextrose is evidently in error. 

19. Disaccharides (Saccharoses, Bioses) 

Cank-Suoar , CigHjjaOu . Right-rotating. 

For the relation of the specific rotation of the sugar in 
aqueous solution to 

1. The percentage amount p of sugar, 

2 . The percentage amount q of water, 

3. The concentration c, or grams of sugar in 100 cc., the 
following formulas have been given, based on accurate obser- 
vations 

I. By Tollens.® Calculated from 19 solutions. 

I. Specific gravity of the solutions at 17.5°, referred to water 
at 4°. Rotation at 20° : 

^ 4 to 18, [a] /)= 66.810 — 0.015553 — 00452462 7^“^ 

= 82 to 96, “ == 64 730 + 0.026045 q -‘O O452462 

^ r7i>=i8to69, “ = 66.386 H- o 015035 7& — 0.O33986 p ^ 

‘ = 3t to 82, “ =63 904 + 0.064686 (7 — 0 033986 <7“ 

I Tollens. 

^ Hdm^and Jesser 
8 Gubbe 

4 Ber d chem Ges , 24^ 1640 
8 Ann Chem, (I^iebigr), 244, 295 and 329 
“ Ber d chem Ges , 10, 1403 
7 o O452462 = 0 000052462, etc 
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I^ater, Tollens^ found that the formulas h satisfy dilute solu- 
tions also, down to / = i even. 

2, Specific gravity of solutions at 17,5® referred to water at 
17.5® Rotations at 20®. 

From the same experiments as under i there follows for p. 

a \ 4 to 18, [«]/j = 66 727 — O.OIS534 p — 0.O452396 p ^ 
d'. 7^ 18 to 69, “ := 66 303 — o 015016 p — 0.OJ13981 

By another method of calculation, Thomsen® obtained from 
the observations of Tollens these expressions in place of those 
given under b above, 

^// 66.577 + 0.007466 — o.Os3i339/* 

* 31 to 82, ‘‘ - 64 190 + 0.055212 g — 0.O831339 g ^^ 

which agree well with the Schmitz formulas given below under 

IL, I. 

II. Schmitz’ gives these formulas deduced from eight solu- 
tions (see §54, p. 195) 

1. Specific gravity of the solutions at 20® referred to water 
at 4°. Rotations at 20®. 

p=z 5 to 65, [a:]/) 66 510 + o 004508 p —o 0328052 p ^ 

q 35 to 95, “ 64.i56 + 0051596 ^ — 00, 28052 

2, For the concentration at 20° Schmitz gives these 
formulas 

t 10 to 86, [a]/) 66 453 o 001236 ^ — o Oj,ii704 <? 

c 2 5 to 28, “ 66 639 — o 020820 -}- o 0^34603 

c 2 5 to 28, “ 66.541 — 0.008415 

lyandolt' has calculated these approximate expressions from 
the observations of Tollens amd Schmitz, showing the relation 
of the specific rotation and concentration of solutions • 
t 4 5 to 27 7, - 66 67 - o 0095 (true cc ) 

c 4 5 to 27 7, 66.82 — o 0096 L (Mohr’s cc ) 

III. The latest experiments have been carried out by Nasmi 
and Villavecchia.*^ These formulas follow from twelve series 
•of observations with different sugars 

P 3 to 65, [a]y; 66 438 -h 0.010312^ - O.O., 35449 Z'* 

q 35 to 97, 63924 + 0.0605867 — 0.0335449^2 

> Ber. d. cheni Ges., 17, 1751 

a Jb%d ^ 14, 165a 
Ihid,^ 10, 1414. 

^ Ibid , ai, 196. 

« Public, de lab chiin. ceutr delle gabelle, Roma (1891), p '47» 
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If we combine now tlie results which the different formulas 
give for a number of different percentage amounts of sugar, we 
find these variations : 


Formula p = 

10 

20 

30. 

40. 

50 

la 

Tollens 

66.65 

6648 

66 30 

! 66 10 

6590 

lb 

Tollens 

66 50 

6653 

66.48 

6635 

66.14 

W '. 

Tollens-Thoinsen 

66 62 

6660 

66.52 

6637 

66 17 

II. 

Schmitz 

66.53 

66.49 

66 39 

66 24 

66 03 

Ill 

Nasini and Villavecchia 

66 51 

66.50 

66.43 

6628 

66.07 


It is seen that the values given by the last two formulas fur- 
nish the closest agreement. 

With reference to the specific rotation of cane-sugar in very 
dilute solutions, see the observations given already in §55. 

For the rotation of different rays of light by cane-sugar, see 
“Rotation Dispersion,” §45. 

Influence of temperature. This was formerly held by Mit- 
scherlich/ Hesse, ^ also Tuchschmidt'* to be extremely small, 
Andrews^ was the first to show that the specific rotation of 
sugar decreases with elevation of temperature and to the extent 
of 00114 for r° C. According to new experiments which 
Schbnrock'’ has carried out, using ten sugar solutions, the tem- 
perature coefficient lies between 00132 and 0.0151 This 
formula may be used to calculate the specific rotation of solu- 
tions of about 24 per cent, strength, for a temperature differ- 
ent from 20®, between the limits, 12° and 25°. 

— o 0144 — 20) 

Recently Wiley'* has reinvestigated the subject with extreme 
care and has found a value lower than those given above. 
The coefficient as given by him is 0.00994 the mean change 
in the specific rotation for each degree centigrade. 

In the paper by Andrews, the value is given in one place as 

1 Ber d Berl Akad , (1S42}, p, 150 

2 Ann Chem (I^iebijf), 176, 97 

3 j prakt Chem , [2], a, 244 

Technology Quarterly, May (1889), p 367 , Chein. Ceiitrbl , (1890), I, p 20. 

5 Bender phys.-techn Reichsanstalt von 1896 , Ztschr fhr InstrumM 17, 180. 

^ J Am Chem Soc , ai, 568 (1899). 
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0.0001 14. But the context shows that this is a typographical 
error for 0.0114. 

On the .specific rotation of cane-sugar in mixtures of water 
with acetone, methyl alcohol, and ethyl alcohol, see §59. 
According to Seyffart,* sugar retains the same specific rotation 
when dissolved to the extent of 5 to 40 grams in 100 cc. of 
alcohol of 9® to 90®.^ 

The changes shown in the specific rotation of cane-sugar in 
presence of alkalies and salts have been explained already in 
^70. 

MiIvK-Sugar Lactose, Lactobiose. Anhydrous, 
hydrated, + HgO. 

As already shown in the chapter on inultirotation, §72, this 
sugar is found in three modifications, of which a and y in 
aqueous solution pass slowly into at the ordinary temper- 
ature, but rapidly on wanning. The nr-form exhibits greater 
rotation (birotation), and the y-form less rotation (half 
rotation) (.see §71) 

Anhydride Hydrate 

r ordinary milk-sugar . [«]/> + 88 ° + 84 ° 

2 “ stable form “ 55 3 ° + 5 ^ 53 

37 - “ second labile form “ +362 -r 34 4 

Ordinary Milk-Sugar . — The beginning rotation of this can- 
not be accurately determined, because of rapid change into 
the ^-form, and is always found too small Schmoger* found 
[«] + 84° (for the hydrate), and Parcus and Tollens* 

+ 83®. 

The following series of experiments by Parcus and Tollens 
gives a picture of the change into the stable ^-fonn which fol- 
lows in milk-sugar .solutions at the temperature of 20®, the 
tune being counted from the moment of adding water to the 
finely powdered substance 

1 Ztschr fUr Rlibeiiisiickcr-IiKl (1879), III, p 130 

« Tralles 

•• Her. d cliciii. Oe,s., 13, 1918. 

+ Atui.Cheiii, (lyiebig), *37, 170. 
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t 20° 

c « 4 841 


C =! 7 064 

Time 

[a]i> 

Time 

[«]/> 

8 min 

8291“ 



10 “ 

82 56 



IS “ 

81 12 



20 “ 

7969 

25 min. 

78.86° 

30 “ 

76.48 

30 

77.14 

45 “ 

73-26 

40 “ 

74-94 

I hour 

70.04 



1V2 hours 

63-76 

iVi hours 

68.57 

2 “ 

62 17 

2 ‘ 

61.70 

2V2 “ 

58 97 



3 

57 54 

3V2 “ 

55 84 

4V2 “ 

54 32 



5 

53 60 

5 “ 

54 25 

6 

53 43 



7 

53*25 

7 “ 

52 90 

24 

52 53 

24 

52 53 


As opposed to the earlier statements of Hesse,' Schmoger^ 
shows that the rotating power of milk-sugar for c = 2.372 to 
41.536 is independent of the concentration He finds from 
the mean of 70 polarizations the constant rotation a\ 20°, for 

CiaHaaOn + HoO [a]/i -f 52 53* 

Exactly the same value is found by Deniges and Bonvans.*' 
However, according to experiments of Schmbger, the temper- 
ature influences the rotating power which sinks as the solution 
becomes warm This effect is greater at 20® than at higher 
temperatures. In the neighborhood of ^ 20°, [or] „ changes 

about o 070° for one degree of temperature as shown by the 
following table 



d ^. 




at 




P 

gf» 

10*’ 

14 » 

20O 

21” 

32" 

33 “ 

S')" 


8 307 
15-950 

16.664 

24.78s 

I 0301 
1. 0661 
1.0642^ 

I 0992 

5346° 

53.50® 

5276° 

i 

52 36® 
52.56 

52.56 

52 36° 

51.600 

j 

51 59® 

51.48® 

51 


1 Ann Chem (I^iebig), 176, 98 
* Ber d chem Ges, 13, C922 

3 J pharm. cliim, [5], 17, 363. Chem Centrbl (1888), p 6ot, 
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If the rotation, of a milk-sugar solution has been found 
at the temperature /, it may be reduced to the value at 20® by 
this formula : 


By the action of dilute acids, milk-sugar is inverted and 
glucose and galactose are formed, which may be shown by 
polarization. If, for example, c = 11.9734 and t = 20®, there 
may be calculated from the rotation of glucose, = 52 84®, 
and of galactose, [or] y, = 79.73°, that of the inverted milk- 

sugar as =. 66.29®. Rindell^ found \_a]n = 

67 57 for this rotation, and showed that it is influenced by the 
temperature according to the following formula 
M/; = 70.608® — 0.152 1 

Alkalies diminish the rotating power of milk-sugar . 

I mol cryst. milk-sugar 1 mol. Na^O 

i ~ 20®, - 3, [(x]n at once ^ + 45 5®y 

/ 20°, c ~ 2,, “ after 24 hours. +1257/ 

Half- Rotating Milk-Sugar (y-form) This is produced as 
already explained in §72 The beginning rotation is found 
too large because of the rapid conversion into the more strongly 
rotating /^-fonii Schmbger^ obtained for 

c 7 07. [«]/» 4- 34 4 , c [Qr]/i -= + 36 2® 

The conversion of ot- and also y-milk-sugar into the constant 
ft-iorm IS liavStened by addition of o i per cent, ammonia * 

Milk-Sugar Octoacetate^ CiaHnOiiCCgHjjO)^. This is left-rota- 
ting and exhibits neither birotation nor half-rotation. 

Chloroform p- about 10, [a]/, — 3 5° a 

MaWOSB, Maltobiose, Malt Sugar, Ptyalose,Ci2H25,On+H20 
Crystallizes in fine needles with i molecule of water of crystal- 
lization, which is lost at loo®. 

The earlier statements on the rotation of maltose gave values 
between [a]p = + 139® and 150®. The first reliable obser- 

I Ztschr. fttr Rlibenzuckcr-Ind , 4» 163 
Hc«se . Alin. Chem. (Webig), 176, loi, 

Ber. (1. clietn. Ges , 13, 1918. 

< Schulze and ToUetis • Ann. Chem (lyiebig), 37ii 49 

s Schnibger Ber. d, chem. Ges , 33. 1452 
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vations were made by Meissl.^ He found that maltose, li 
lactose, vsliows half-rotation. 


[a'l/) after 


i . 

5 miu. 

I houi. 

^ horns 

7 honra. 

8 hmii s. 

2| llOUlH. 

15.61 

122.6 

T26.2 

132.0 

137.0 

I 37'2 

*38.3 

18.94 

122.5 

127.4 

I 33 ‘n 

137.6 

138. a 

138,2 

19.4 

122.0 

127.0 

135.0 

138.0 

138.3 

1.38.3 


Parcus and Tolleus" also investif^ated thehalf-rotalionin 
different solutions, and found ; 


I'reparntioii 1 


Preparation 2 


20“ 


20“. 

t 

( - 10 040 foi hydrate 

1 rs 9,679 foi hydrate 

t 10 ,^20 

< = 9.537 foi atih>dr | 

t Ks 9. 195 nnhydt . 

< 9 H(M 

I'lme 

[ft]/) for 
uuhj chide. 

Tnue, 

[u]/>for 

anhydride. 

Time. 

8 nun. 

119.36° 

12 min. 

120 . 97 ° 

6 min. 

10 “ 

120.27 

14 “ 

I 2 Z.i 6 

8 “ 1 

15 “ 

I 2 I 01 

16 “ 

122.29 

10 “ ! 

20 “ 

121 72 

20 ’* 

123.23 

12 “ 

30 « 

t 23 35 

25 “ 

124.55 

15 “ 

45 

125.17 

30 “ 

125.68 

20 “ 1 

1 hour 

128.07 

40 “ 

127.56 

30 “ 1 

I’/a hours! 

130.97 

50 “ 

129 44 

5 r “ 

2 “ 

^32 97 

I hour 

130.57 

I hour 

2'/,. “ 

134.05 

l^|^ hour.s 

132 63 

1*/.,. hours 

3 ' " 

134.96 

I'Vi “ 

134.71 

2 ‘ “ 

5 “ 

136.52 

2 " 

135.27 

3 “ 

7 “ 

136,72 

27 , “ 

135.65 

4V2 “ 

9 “ 

T36.96 const 

37 . “ 

5 “ 

136.40 

T36 87 const. 

6 


aiiliyut i( 


IU9.46 
1 20 69 

I 121.22 

I 22 . 2 S 

124.1)4 

127.04 

128,81 

hV 45 

[33.22 

135.16 

136.40 
136,75 c< 


The coiivStant end rotation, as with milk-sugar, is me 
quickly reached by heating the solution or by adding ainii 
nia to it.” 

1 J prakt. Cliem., ai, 384 and 95, ij/(. 

*•* Ann. Chem. (t,iebigf), 357, 172. 

Schulsseand Tollens : M/rf., 97 1 , 53. 
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The constant end rotation is dependent on the temperature 
and concentration, as shown by observations of Meissl,' which 
may be expressed by this formula 

[fr]/) — T40 375 — 0.01837 7^ — o 095 / 

From this we have the following agreement between obser- 
vation and calculation : 

[^]/) at 

P 15“ 175“. 25 « 35 '> 

Found Calc Found, Calc. Fouxid Calc Found Calc 

4 95 I 01961 138.67 138 86 138.46 138 62 137.97 137.91 137 08 136 96 

9 70 1.03928 138 79 138.77 138.54 138.53 137 84 137.82 136.95 136.87 

18.65 1.07777 138 56 138 61 138.33 138.37 137.57 137 66 136.75 136 71 

18.67 1 07779 138 68 138.61 138,40 138,37 137.68 137 66 136,79 136 71 

19.68 1.08281 138 70 138 59 138.30 138 35 137 59 137.64 136.66 136 69 

19 gi I 08309 138 50 138 58 138 39 138.34 137.55 137 63 136 61 136 68 

33 86 1 14873 [138 35 138 33 138 12 138 09 137 33 137 38 136 38 136 43 

34.72 1.15361 1138 26 138 31 138 00 138 07 137 29 137 36 136.37 136 41 

34 95 1.15500 1138 34 138 31 1138 11 138.07 137.40 137 36 136.48 136 41 

Herzfeld' gives : 

Water ^ - 20°, p 1129, rfj" - I 044®, [or]zi +13829° 

(From Meis.sl’s formula there is calculated 138 27) 

Ost’ finds 

Water . . . r - 2 to 21, ^ = 20°, [«]/> = + 137 04° 

Brown, Morns and Millar' also obtain values which closely 
agree with those of Meissl. 

Octacctyl Maltose, C„H,| 0 „(C.iH, 0 )«. Crystals , melting- 


point, 150° to 155° 

Benzene 

C 

1.9956, 

1 — 1 

1 

00 

1-4 

oc 

0 

Benzene 

p- 

2 

" -- 75-7 ] 

Alcohol 

p -- 

2 

“ = 60.0 f 

Benzene 

p - 

2 

” -76.54 ] 

Chloroform 

p - 

2 

“ - 61.01 

Alcohol 

p - 

I 

“ -- 60.02 

» T, prakt. Chem L^Ji 

a Ztschr fhr RUbenzuckcr-Iud„ 

(1895). 

p. 236, 



.< Cliem Ztg., 19, 1737 
*j Chem Soc,7i,72. 

6 Herafeld , Ann. Cheni (lyiebig), aao, ai8, 

« Herafeld j Ztschr. fUr Rdbenaucker-Ind , (1895), p. 235. 

7 Hcrscfcld Ber d chem. Ges , aS, 441, 
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IsoMAiyTOSi® Gallisin, Ci^HaaOn. TliivS is formed in the yeas 
fermentation of grape-sugar/ or in the treatment of this suga 
with hydrochloric acid.“ 

The specific rotation in aqueous solution increases apjoroxi 
niately in proportion to the amount of solvent employed : 

Water i - 20®, c 545 ^, [a]; { 77.32® '* 

c 27.29, “ i 80.10 ■ 

L 10.60, I 82. 76 . 

Ivintner and Diill‘ give for a preparation of isomaltose froi 
starch, but which probably was not pure, 140® in i 

per cent, solution. 

TrrhaIvOSR, Mycose, C4.jHa.A1 H~ aH.O. Rhombic crystals 
melting-point, 210®. 

Water. 8.4 to 14 8 / 15® 

[<r]/ I 199® ( 22 U® for anhydrous subsl.; 

Water.... c -10.03, [«] / -1-173.2°’^ 

Mktibios]®, Raffinoboise, Cj.jH.j5,b,,. Amorphous powder. 

Water c 3.957, / 17°, l<i]n I 126.7® 

Water c 3973, t 17, “ i 1279 

These are only approximate values, as we have no guaranle 
of the purity of the amorphous sugar. 

Water / 17.5®, [aJ/» 137.32®'' 

OctacetylMelibiose, C,,H4,0,4(C,H,0)„, 

-/‘j Alcohol I V'j cbloioform. . .. ^ 1.6516, t l8®, [u]/i t 91 2® 

Cyci,amosi$, CiaHggOi,. From the i*oots of Cytlamvu vioi 
paeiim. The specific rotation is not affected by the teiiipei 
ature, aii,d is 

[«]/. - — 15.15°. 

On heating with dilute hydrochloric acid, the rotation i.s in 
stantly changed to \<x\„ - 66.54, but under the iniluenc 

of the heat, soon decreasses.'" 

1 Schmitt aiid Cohenzl • Ber d. clieiii. Oes.. 17, 1000, 
s Ftscliei • Ibid,^ 93, 368H, 

» Schmitt aud Cobciizl { Jbiti,^ 17, 1007. 

Ztschr, nngrew. Chem., 1892, p. 

^ Berthelot: Aim. chlm, phys., [3J, 53, 276. 

« Mitscherlich . J.piakt. Cliem., [I], 73, 65 
• Schelbler and Mlttelmeier : Ber, d. chem. (icH., 1438, 

« Ban; Chem. Ztg., ai, 186. 

Scheibler aud Mittelmeiei, 

J’* Michaud • Chem. News, 33, 332. 
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20* Trisaccharides and Polysaccharides 

Rakpinosk, Melitose, Melitriose, GovSsypose. CinHa^O,, + 
5HaO. Melting-point 118° to 1x9°. It is found in various 
vegetable products. 

The rotating power was found by several older observers > in 
pretty close agreement, as 

M/, ^ -I 104.5°, for / ^ ^ 20®, 
and to be but slightly dependent on temperature. 

Tollens' found that these different products, investigated by 
the earlier chemists, inelitose from eucalyptus manna, “ raffinose 
from molasses, ' gossy pose from cottonseed,' are identical and 


show the following: values 

I. Raflinosc* from molasses 
Water....... /> i 20" 

dt 

1 03278, 

[“]/> 

1- 104.9“ 

n Rnfliuose from ooUoiiseed : 
Water /> n 15^, t 20" 

’ 

I 03279, 


1 

HI. RaflhiDse from eucal} ptus m, 
Water....... p 9 777, t 20*^ 

uma 

1.03 172, 


1 104 44 ' 


Raffinose is found also in the sugar-beet. 


Water p 

2 7616, i 

*^*^1 n)4 96® 

Rischbiet and Tollens 

give '• 


Ralluiose trom molasses 

Water. . i 

U), 

) 102 4 to 104 9® 

RulUnose from ooLlonseeil 

Walei .... i 

m, 

104.4'^ 


Creydt’ found . 

Wulei i 2(j®, f 166 

Rairnu)sc fioiii inolasseh . [nj/i 10)2'^ 

“ “ C()Ui>n-sef<l . . 5 

In theinveisionof laffinose, two stages may be distinguished 
When Its solution is warmed gently with v\eak acid, the rota- 
tion sinks to about one-half, but goes no fuither ; ImL, on the 

1 Ann Chem. (nicbiK)i a 3 ai 
« Ilerthclot Ann. rhini pUyH,, 1 h 6 , w*, 
a lyoiHt'un 8a, 

■< HbUm ! Jf ptiiU. Cheni., (.si, 30, \i 
I^ippniiuiii 5 Her d t'htMU, Ocs , iH, 
tt AnJi. ClifUi. (nU*blK), 913a, P»y 
’ Inaujj:. niHH., Hrluti|<<*u, iKHH. 
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Other hand, if the solution is warmed a long time with some 
what stronger acid the rotation is decreased to one-fifth tli< 
original value. 

Thus, a raffinose solution with £•=10, to which 6 cc. o 
sulphuric acid of sp. gr. 1.0591 had been added, gave ’ 

After Vi hour’s heating to 100® [«:]/)-- 49*8® at 20° 

“ I “ “ “80® “ ^ 49 I at 20 

“ 14 days’ standing in the cold* • . . “ 53.6 at 20 

But when 10 grams of raffinose was dissolved with 5 cc o 1 
sulphuric acid of sp gr. 1.156 and water to make 100 cc., anc 
was then heated five hours to 100°, it showed == 
20.07° ' 

Scheibler^ has shown that the specific rotation of raffinose 
does not change with the concentration or by the addition oi 
alcohol. 

Raffinose from beet-sugar 


Water c - 10, t 

[a]/. 

-- + 103 74 ® 

“ = <-“17 5 

M 

-== + 103-97 

Alcohol ( 15 p. c ) . ^ == to, ^-“^175 


^ + 103 9 

Raffinose from cottonseed 

Water ^ = 5 t ly 5 

[«]/> 

= + 104 0 

“ ^ ^ 10 / =r= 17 5 

(( 

- -f 103.9 

“ ^ 15 ^ = 17.5 

( ( 

'H 103-95 

U^idecylacetylmeletriose, Ci^HaiOigCCaHjjO)^ 

Crystals with 

melting-point 99° to 101°. 

Alcohol ^ — 8.1988, t - 17°, 

[a]/. 

4- 92 2° ' 


Medezitose, CigHggOiB + 2H2O Rhombic crystals , melt- 
ing-point, 147° to 148° 

For aqueous solutions . 

[n]ij 4" S3 + o 07014 p ^ 

" Water [«:]/>= + 88.15° 

Acetate, CigHa^OigCCaHjO),,. Monoclinic prisms ; melting-- 
pomt, 117° 

Benzene - 6 243, t -- 20°, [or]/) ~ 110.44° 

1 Tolleiis Lqc cti , Scheibler Ber d chcm Ges , i8, 1782 
“ Loc, cit 

Scheibler and Mittelmeier’ Ber d chem Ges., as, 1443 
* Vilhers Bull Soc Chmi , 27, 98 , Alechin Russ phya-ch Ges , ai, 420. 

“ Bourquelot, Hdrissey J phurm. chitn , [6], 4 , 385 
“ Alechm 
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Lupeose, /^-Galactau, + H, 0 (?). Amorphous. 

A preparation dried in hydrogen at ioo° gave * 

Water / ” 5 > ^ 22°, [or]/) -- *+■ 138® 

For three different preparations which were dried at 1 10° to 
1 15®, these values were found earlier by Steiger ' 

[<.r]y, + 148.7°, [iv]/) - H- 149*8°, [or]i, -= + 147.2® 

If we assume that the preparation dried at 100° contains one 
molecule of water of crystallization, the last three results 
would agree very well with that calculated for anhydrous 
lupeose.“ 

Trehaeum, from trehala. 

/> -o 261 to 0,365, t -18°, [<t]/, ~ + 179® 

GentianosE, ( ?) . Small plates melting at 2 10° 

All aqueous solution, prepared hot, showed. .. - 18°, [«];) - + 65 7® 

“ “ “ “ cold, “ ^ i 8 ® “ +3336 

StachyosE, From tubers of Stac/iys tubifera. 

Crystals 

Water... i 9 (amorphous substance), [«]/> 146 7® V 

“ . r 95 ( “ “ + 1488 

“ . 9 (crystalline “ ), “ ^-1-148.1 J 

21. Carbohydrates, 

Amorphous Soeubee Starch. — F rom potato starch by heat- 
ing with glycerol, water, dilute acids, etc.“ 

Water, i 2 533, [n] , + 206 8® ' 

“ ( 2215, t 175, [ex’], - 211 50®, from which [a]/, 18998° 

“ ( 3 995,^ 17.5, “ 21197, “ “ “ 19024 « 

Other authors give the rotation as + 216° 

+ 211" =- + 216°, M/, = + 202°.’^ 

1 I^aiidw Vers .Slat , 36, 423 and Ztsclir. physiol Chein , n, 372 
^ ScliuUe, Ber d chem Oes , 35, 2218 
* Scheihlex, Mitteliueier /biii , a6, 1331 
Meyer Zt&clir physiol Cheiu , 6 , 135 
Plants andSchuljse Bei, d. chem, Ges , 23, 1692 2705 

« Zulkowsky • /dni , i 3 , 139S, Bficlmmp • Compt. rend , 39 , 653 , MuscuUis, Gruber 
Jlf/d , 86, 1 159 

7 Zulkowsky . I^c ciL \ 

« Salomon * J prakt Chem , [2J, a8. 

» MuscuUis . Jahresber (1879), p. 835 

1 “ B6champ Compt. rend , 39, 653 

*1 Brown, Morns, Millar: J, Chem Hoc , 71, 114, 
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Dbxtrinfs. 

Crysialline Soluble Starchy Amylodextrine, — Formed by t] 
action of cold dilute hydrochloric acid or of hot 90 per cer 
acetic acid on starch, and separated in crystalline form I 
freezing the solution.* Brown and Morris* have determine 
the molecular weight as CiaHjgOn + ^CiaHaoOi,,, and give tl 
rotation as + 206.5°. 

Achrodextrine. — ^According to the statements of differ e 
authors, there are several isomeric dextrines formed under di 
ferent conditions from starch. Musculus and Gruber® di 
tinguish three kinds 

a-Modification [a] + 210® 

^"Modification “ =: + 190 

7-Modification ~ + 150 

According to O’Sullivan,^ there are four different varieti< 
which, however, have the same rotating power. This is give 
as [«]^= + 215° to 217°. 

Brown and Heron® give [(x]j = + 216°. 
ly. Schulze® found the rotation of a carefully purified de2 
trine as = + i86° 

lyustgarten* found for a dextrine obtained from dinitr< 
glycogen,/ = 12.175, ^ 27°, + i94®- 

The rotating power of dextrine is increased by acids.® 

Water 714, t = 17.5®, [or]^ + 215 06® 

Sulphuric acid, o 4 p c. . . i 064, /? = 17 5 “at once) = + 216. ^ 

la']j (following day) — + 220.* 

An achrodextnne, (CuHa,Oi„)3 + H, 0 , [a]j,= + 183° 
descnbed by lyintner and Dull.* 

Maltodextnne. — By treatment of starch paste with diastas- 
above 65“, [«]y= + 169.9 to i73-4° = + 164.2°.“ 

1 Musculus Ztschr Chem , (1869), p 446 

2 Brown and Moms J Chem Soc , 55, 452 

3 Ztschr physiol Chem , a, 188. 

Chem Soc, 35, 770 
3 Ann Chem (I^iebig), 199, 243, 

® J prakt. Chem , [2], aS, 327 

7 Monatsh Chem ,3, 626 

8 Salomon J prakt Chem , [2J, 38, 42 
8 Ztschr f Brauwes , 17, 339 

18 Herzfeld Ber d chem Ges ,13, 2120 
u Bondonneau Bull^ Soc Chim , 35, 5 
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Extended investigations on the action of diastase on starch, 
and especially 011 malto dextrine, have been carried out by 
Brown and Morris,^ also Brown, Morns and Millar.^ 

Artificial Dextrine. From dextrose, sulphuric acid, and 
alcohol 

[a]/j - 131 to 134® 

+ 123® * 

Fermentation Gtim, dextran, viscose. Produced in the 
lactic fermentation of cane-sugar. 

[cr]/; - + 230" " 

fi-Galactan, P'roin Lupinus liitens 

Water 10, [nr]y) - -j- 148,7° ® 

“ - 3,082, t -15°, [or]zi 1-148.6°’ 

Shows no liirotation. The rotation changes very little with 
the concentration. 

y-Galactan. In the sugar-beet 

Watei I 10, / -20°, [«]/) -- + 238°*' 

oi-Galactin, In the seeds of leguminous plants. 

1- 84 6° 

GIvYCOGEn, or Found in the liver of man 

and the herbivora The older statements on the rotation of 
glycogen vary within very wide limits. Careful observations 
were made by Kiilz.'” He states that the concentration is 
without special influence, and he finds as the mean of eighteen 
readings - +211° (greater concentrations than p o 6 
cannot ])e employed) Landwehr'' found for the glycogen of 
dog’s liver, for 18°, [iv] „ ^ + 2133°. Further values are. 
[tr]/) +19633°^^ 

“ - 200,2 

’ Ann Cheni (Melng), 331, 72 , J Chem Soc , 55, 452. 

« J, Cliem Soc , 7*» 7a, 109, ii*) 

* Miisculus and Meyer : Ztschi physiol Chem., 5, 122 

* Konig and Schubert . Monatsh, Chem , 6, 746 ; 7, 455 
Stohmann and Ivaugbcin ' J. prakt Chem , {.2], 45, 305 

« Steiger . Her d chem Ges , 19, 829 

7 Schul/e and Steiger • Landw Versuchs-Statioueu, 36, 423. 

« Tyippmann fier. d chem. Ges., ao, 1001 

« Muntz Compt, rend , 94, 453 

i" Jahrcsrtjci f Thierchemic (i«8o), p. 81 , Arch f, ges Physiologic, 34, 35 
Ztschr, physiol Chem,, 8, 171. 

1- Huppeit Her d chem. Geh„ 37, Ref. 85 
Kramer ; Ztschr filr Biol., 34, 100, 

39 
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Cii)i.i<ui<0SE, According to Levallois* this is left-rotating 
solution of aminoniacal copper hydroxide. But B< 5 clnunp' gi\ 
the direction as variable. 


Graminin Found in various plants (as 7 ;vV///w alpvsin 
White powder, melting at 209®. 

Water p 5, t 12^, ’ 

Inuein, Found hi the roots of different plants, iJpheioid 
crystalline grains ; melting-point, 160°, 

The older values for the rotation vary between [(v] „ 

26° and 72.42°. Kiliani' found : 


luuhn from 

OihHulved in 

P 


( Water at lai® diluted with ) 


Ifmia Helenhtm 

( cold water. J 

1. 5122 

Dahlia variabil 

(( (( 

0,9172 

(1 (( 

1 A little potassium hydros- J 

i. 745<5 


( ide and then diluted. ) 


lyescoeur and Morelle*”’ found : 

Water 3 ^. 94 ° 

Haller" gives . 

Water ( 7.25, [d]/. 38,8^' 




- 36.66 


37*13 

3t*ni 


Temperature and concentration appear to have no influence 
Water * p 2, 37 * 2 ?°'' 

Imtlein. 

Water,... c 6.6, [d]/» 29.6*’“ 

Pscudo-Inulin, 

Water c 6,64, [aj/, 32,2'^*" 

The last two substances were ol^tained from Ilelianthn 
iuberosns. 


' BUU. soc chlin,, 43, 85. 
a Bet, cl. chem. Oe.s , i8, Ref, 113. 

« Ekfltraud and Johansou : 21, .vm. 

I Ann. Client. (I^ieltlg;), 203, ms. 

Bull. HOC, chilli 32» 418. 

« Compt. tend., 116, 514. 

^ Hallei. 

« Wallacli : Ann, Chem. (i;iel%), 234, 3AS. 
® Haller; Compt, rend., 116, 5M* 

Haller j /.or. fti. 



ovm 6 it 

iRisiN, Phlein. Ill the tubers of Iris pscnd-acorus. Melting- 
point, 218°. 


Water. * ... 

• p 

10, i 


i6». 


51.54® 


p 

lu, / 


i6. 


51.15 


p 

.s, / 


16, 

f i 

' SI.55 


p 

2, / 


22, 

<( 

- 49-90 j 

l^'rom In.s. . 




p 

5. 


- 52-34® 1 

Prom Phleiun.. 


p 

5> 


-48.12 ) 


I,i‘;vc).siN. In varictie.s of grain. Melting-point, 160®, 

Water / 5, [«]/> 36'” 

IvKVUi,AN. In beet-sugar molasses. Melting-point, 250®. 
Water c 51030, / 20®, [ft]/) 221** 

The teiupei'ature is without influence. 

vSiNiSTUiN. In the sea onion. 

fii]/. 414° 

34.6®“ 

Tkiticin In the loots of Trittcum rcpan 

[oly* -43 6‘»’ 

/) 5, - 41,07*’^ 


22, Gums 

Akaiun, Arabic Acid, principal constit- 

uent of ^uin arabic which, however, is a mixture of at least 
two j^ums, a right- and a left-rotating variety. Pure arabiu 
may be made from sugar-beets. 

WoonciUM, Xylan, C, 1 I„C),(?). In foliage trees, especially 
in the birch. 

I to 2, [a]/, 

usuiilly 70® to 85® “ 

* Wulliirh Ann. Chcm (I^tfbig), 234, ^67 

^ Kkstiiuid, JohunHon * dicm Cos., 30,3311 

« Tanrcl lUiU. wk* 

^ Xjppmnnu . Her d. ehem. Och,, 14, 1511 
s Schmii-debcrtf ; Mn/., 13 , Ref. 7«s* 

ReidemelHtei jHhre»hei. Tliieroh., iHHi, p. 71. 

* Keidemei«ter tm. n/. 

^ l^ClcHtrand, JoliaiiHon : Der. d. chem. Oen., 30, 33}?. 

'• Sehelbler: /AiV., 1, 39 
ThoiiJHen; /W., 13, JifiH. 

ToUeiiH : llandh. d. KnUlenhydmto, It, 302. 
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Lactosin, CjjHjjO,, + H ,0 In the roots of the caryop 

laceae. Small crj'stals. 

Water.... / ^=2907 (for the anhydrous substance), 16®, 

1 012S, [a]/} = -r 21X 7° ^ 


23. Camphors and Terpenes 

In the nomenclature and classification of the following c( 
pounds, the fundamental work of Wallach has been taker 
the guide. The terpenes are therefore divided into f« 
groups : 

A, Aliphatic terpenes, 

B, Terpan group, 

C, Camphan group, 
jD. Polyterpenes, 

and at the beginning of each group the hydrocarbons will 
treated, then the alcohols, ketones, and so on 

A. ALIPHATIC TERPENES 
I. Hydrocarbons 

Lie A RENE, CiqHj,. Boiling-point, 176® to 17S® 

0.S445. i ~ 20.2°, [nr]/, ^ - 7 85® 

2 Alcohols 

</-Licareol, Coriandrol, Boiling-pomt, 196® t 

d‘^ o S820, [cr]^, — — 15.2 

Boilmg-point, 93® to 94® (15.5 mm.). 

d'^ o S82, [tr] j," 4 ™ — 15 02 ^ 

/-Licareol, /-Linalool, Aiirantiol, Lavendol, N'erolol 
C^Hj.OH. Boiling-point, 199° to 200®. 

J*' - o SS19, (p*-* ~o S662, [nrjjf 4 - — 18.35° ^ 
if* - 0.S68, [rtl^s — — 190 G 

Plaiiu and Schulze Her d chem Ges , 23, 1692 
- Barhier Compt. rend,* n6, 9^3 
» Bftrbier /itui , ti6, 1459 

* Barhier Ball soc chim . [3], p, 914 

* Barbier Compt rend. 114, 674 

* Horin Ihid , p2, 9^,'. 



According to Barbier, licarcol and linalool are not identical. 
He gives • 

l-TAmlool, Boiling-point, 98“ to 100° (14 mm.) 

0.K869, n.gi"' 

Boiling-ix)iut, 86® to 87® (14 unu.). 

0.8623, [‘f]/" 19.6*“ * 

rf-RHOi)iNui„ d-Citrouellol, 

From /-linalool-acetate. Boiling-point, 1 23® (14 mm.), 
rf" 0,9031, [<tj/i I 1.9“’ 

From citrouellal. {Formula giveti : Boiling- 

point, 117“ to iiH® (17 mm.). 

0.8565, 1«]>M I 4.0 

Acetate, C„H*A- Boiling-point, 119® to 121® (15 mm.). 

t/'.’s ,,.8928, [(rjjp I 2.37* 

(xeraniol i.s identical with rhodinol, according to Bertram 
and (rildemeister and accouling to Bouchardat* and Tiemaim 
and Semmler licarhodol, ahso, for which, however, Barbier* 
gives the following constaiits : 

Lharhiuiol, C,„H,50H. Boiling-point, 122® (19 nun.). 
if 0.^952, -0.69® 

Acetate, Bolliiig-ix>int, 135® (21.5111111.) 


if 11.9298, [ 

"1}?’ 0 

2«® 

/-Rhodinoi., l-Citronellol, C 



From Oerinan io.se oil. rf’’ 

0.8838. 

Hoihng-iH)int, 216' 

(no" to 120" at 12 nun.). 


3 8"" 


From Turki.sli ro.se oil. d“ 

0.8890. 

Boiling- iKMut, 124' 

( 16 mm.). 

[iti/, 

3 . 63 ° 



> Dull HOC diim., l;^li 9 , ukm 

- Tiemuiin i D«r, d. chem. OeH ,41, 

> DarUkr* DuU. ttias i*hlm , (sji 1004. 

< Tienmim, DchmMt ■ Her d. t'hcm. (»««., 99, 906. 
» J. pmkt. Chwii., (al, 491 t« 5 - 

* Compt. rend.i Ii6» ia54> 

• Der. a. oDem. 96» 3714 
X Compt. rend.f ti6« 12^3. 

I* l^ckart ; Arch. d. Pham., 999 • 35S> 

Bcirbier, Coiiipt. rend., 117, 1093. 
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Boiling-point, iio° (lo mm,). 

tP = 0.8731, [a^D = — 2.11® ' 

= o S612, [or]^ = — 4 33 ' Formula given as CioHigOH. 

From Bulgarian rose oil = 0.8785. Boihng-pon 
224.7®. 

[«]£>= - 322°3 

From French geranium oil. = 0.8886. Boiling-poai 
124® (14 mm.). 


3, Aldehydes 

CiTRONFi.i,Ai„ CipHigO. From melissa and atronella oil 
Boiling-point, 205® to 208® (103° to 105® at 25 mm.). 

^t. 5 ^ o 8538, [o:]}? s = + 12 50° 5 

Boiling-point. 202® to 207®. 

— o S509, [ar]z) = -h 4.S® ® 


B. TFRPAN GROUP 
I. Hydrocarbons 

^fi?-LiMONKNE (Citrene, Hespendene, Carvene), I 

oils of orange peel, citron, bergamot, cumin, engeron, an^ 
dill. Boiling-point, 175° to 176®. d^^ =0.846. 

Chloroform « - / == 14 38, == i 353, [o:]®, = + 106 8° ’ 

Derivatives. Hydrochloride, CmHjgHCl. Boiling-point, 97' 
to 98® (ii to 12 mm.). 

= O 973, [or]g 8 ^ ^ 39.5O 8 

Tetrabromide, CigHigBr^. Rhombic-hemihedral crystals 
melting-point, 104®. 

Chloroform ... /^ = 14 24, (P = i 555, [a:]5, == + 73 27° ® 

a-Niirosockloride, CjgHjgNOCl. Crystals; melting-point, 
103® to 104®. 

* Barbier Bouveault Compt rend , laa, 529 

- Tiemann, Schmidt Her d chem Ges , ap, 923 

’ MarLowmkoff. Refonnatzky J prakt Chem , [2], 48, 299 

4 Monnct, Barhier Compt rend , 117, 1093 

> Tiemann, Schmidt Ber d chem Ges , 39, 905 

* Dodge IHd , aj. Ref 175 and a4. Ref 90 

’ Wallach, Conrady Ann Chem (I^iebig), 353, 144. 

Wallach 370, 1S9 

* Wallach Conrady Ibid , 253, 145 







Chloroform p = 21.13, == i* 379 j [^ 3 /? — + 304-05 ® ^ 

Chloroform. . . . = 13 30, if®*® = i 441, [a]j® = + 3 i 3 * 4 ® ^ 

P-NUrosochloride, Crystals; melting-point, 105° to 106®. 

Chloroform. . . . ^ = 5 339, if^®*® *= 1.476, = + 240 3® * 

Benzoyl Niirosochloride^ (CioHi.NOC1)COCbH 5. (The same 
benzoyl compound is formed from the two nitrosochlorides. ) 
Rhombic crystals ; melting-point, 109® to 110°. 

Acetic ether = 3 46, if*® 5 = 0.906, [a]* s = 4- 101.75® * 

ot^Niirolanilide^ CjoHie(NO) (NHCgHg), Monoclinic crystals; 
melting-point, 112® to 113®. 

From ^r-nitrosochloride : 

Chloroform p^ 5 . 35 , i 445 

From )S-nitrosochlonde 

Chloroform = 7 071, i 439 , C« 33 " = + ^02.25® 

NitrosO‘Ci-mtrolamlide, CioHig(NO)[N'(N6)C6H5]. Crystals; 
melting-point, 142°. 

Bther or benzene ? ...^ = 4 208, — o 805, ® = + 46 20® 

^-Nitrolamhde Matted needles ; melting-point, 153°. 
From a-nitrosochloride 

Chloroform. . . p — ^ 086, = 1 . 447 , [^33 = — 33 ® 

From / 3 -nitrosochloride 

Chloroform - p = 5 . 133 , * = i 447 , WT = — ^9 39 ® ■* 

a-Nih'olhenzylaminey CioHi6(NO)NH.CH2CgH3 Needles ; 
melting-point, 93°. 

Chloroform /» = 7 027, if® ® = i 459, [^3?)® =4-1638®* 

Hydrochloride m dll alcohol;!) = 3 975 , =0906, [n:]« =— 8226 

Nitrate “ “ “ /) = io34, = o 900, [a]” =— 81 o 

if-Tartrate “ “ “ ;> = i 133, ® = o 900, [a:]gs=:— 49 93 

f-Tartrate “ “ ** =0 968, ifi® * = o 899, [<r]g s = — 69 9 

Hydrochlor-nitrolbenzylamiiie^ Ciol^ib® Cl ( NO) NHCHoCgH^ 
Needles , melting-point, 103° to 104°. 

Chloroform . ... / = 2 403, if^® ^ = i 47, [« 3 ^ " = + ^49 6® ‘ 

1 Wallach Ann Cheni (I^iebig), a 46 , 224 

2 Wallach, Conrady Ibtd , aga, 145 
8 Wallach, Conrady Loc cii 

* Macheleidt Ann Chem (nicbig), ayo, 176 
5 Wallach Ibid , ayo, 171. 

8 Wallach, Conrady , Ibtd ^ 353, 148 
T Wallach Ibtd ,370, 19a 


a-NHrolpipetiiine, C,„H„(N0;NC3H,„. Rhombic crystals 
melting-point, 94°. 

Chloroform / = 3.146, rf" = i 475, [or]” = + 67 75° 

fi-NUroipiperidtne. Monosymmetric crystals ; melting 
point, 110°. 

From ar-nitrosochloride • 

Chloroform p — 3.107, 47S, — 60 48® 

From /i-nitrosochloride • 

Chloroform p 2. 1104, = i 478, [cr]JJ = — 60 37° ' 

Carvoximc, Isonitrosoterpene, C,oH„NOH, (By splitting oi 
HCl from a- or /^-nitrosochloride ) Crystals ; melting-point 
72°. 

Alcohol p — A, 328, = o 8025, t = i8“, [or]a = — 39 34° 

Benzoyl Compound. Crystals , melting-point, 96°. 

Chloroform / -= 5 716, d‘' - i 4455, [«]=; ^ — 26 97® ' 

Benzoyl-hydrochlorcarvoxime, C,„H„NO.CO CjHj.HCl. Crys- 
tals , melting-point, 114° to 115°. 

.\cetic ether / = 1 1 866, d^‘-o 926, 9 92° * 


/-Limonene In pine needle oil. Boiling-point, i7s° to 
176°. </“’ = o846. 

Alcohol p — 6.126. d^ — o 795, -= — 105 0° “ 

Chloroform.... /i ^ 143 rf"'® — 1.353, <=105®, [a]'® ’ r= — 105® « 

Derivatives. Hydrochloride Boiling-point, 97® to 98° (ir 
to 12 mm. ). 


if*® — o 9S2, [a]rf = _ 40.0® ■ 

Tetrabromide Rhombic-hemihedral crystals , melting- 
point, 104°. ® 


Chloroform 


/ - 12 85. aT® = I 5525, 8 


oi-Xiirosochloride. Crystals ; melting-point. 
Chloroform p-=o 993, — 1 496, 

^ Wallach, Conrady toe cti 
^ Wallach Ann Cbem {X;,iebig), 227 
“ Wallach, Conrady toe cit 
< Willach, Macheleidt ijin Chent. (tiebig), *70, 

Wallach • Ibia , 3461 222 
Wallach, Conrady Loe eii 
Wallach Ann Chem (I^iebig), 370, 189 
^ Wallach, Conrady toe ett 


103° to :o4°. 

1 ,= - 3 I 4 8® 
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P’Nttrosochloride Wooly needles ; melting-point, 100° 

Chloroform / = 0.998, (P ^ = 1495, 242 2° ’ 

Bmzoyl Nitrosochlonde. Crystals; melting-point, 109° to 
110°. 

Acetic ether. . . ^ = 4 828, ^ ~ 0.911, [a:]g*s — — 101.84® ^ 

a-Nitrolanilide, Monosymmetnc plates ; melting-point, 
112° to 113°. 

Chloroform / = 7 344 i ^ = i 437 . [cr]g — 102 62® 

Nitroso Compounds Crystals , melting-point, 142°. 

Chloroform .. ^ — 4291, ® = o 804, = ~ 47 82° 

p-Nitrolanilide, Matted needles , melting-point, 153° 

Chloroform . . / = 6 117, 1,444, [0:]^-^ = + 87.17® 

Nitroso Compound, Crystals ; melting-point, 129° Inactive * 

a-Nitrolbenzylamme, Needles ; melting-point, 93°. 

Chloroform ^-=6 829, a?® » = i 460, [«]5,5 =—163 6®* 

Hydrochloride, dil alcohol / = 3 274, '* = o 899, [a:]«s — -f 83 06 

Nitrate “ “ p —i 019, d^^"* - o 898, [ar]j;s ^ -f 81 o 

fl?-Tartrate “ “ p 378, d}^ ’’ —o 902, — -f- 696 

/-Tartrate “ “ i 119, a?” —0901, [ar]^ =+510 

Hydrochlorniirolbeiizylamine Needles , melting-point, 103° 
to 104°. 

Chlorofonn. . - /> -- ? 431, *’ — i 469, / = 18 5®, — — 147 4° s 

a-Nitrolpiperidine Rhombic crystals , melting-point, 94°. 

Chloroform . / ^ 3 i^ 3 . — i 475 . l^V/] ^ — 67 60® 

fi-Nttrolpipe7idine Monosymmetnc crj’stals, melting-point, 
110° 

Chloroform ... / “ 3 051, 476, [or]}; ^ ^ — 60 18® ® 

Carvoxime From the nitrosochloride (or from fl?-car\^ol) 
Melting-point, 72° 

Alcohol .... 7^ = 9 846, 8146, [or]g -= + 39 7 i° " 

1 Wallach, Conrady Loc ni 

s Machelddt Ann Chem (I<iebig), 370, 176 

•J Wallach Ibtd , 370, 185 

4 Wallach, Conrady Loc cti 

s Wallach Ann Chem (niebig), 370, 192 

« Wallach, Conrady Loc cii 

7 Wallach Ann Chem (I^iebig). 346, 227 
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Benzoyl Compound, Crystals ; melting-point, 96®. 

Chloroform p — 5.765, d}' ~ i 4545, [a:]g = -j- 26 47 ® ^ 

Benzoyl Hydrocklorcarvoxime, Crystals ; melting-point, 
114° to 1 15® 

Acetic ether. . . 7^-3 157, • = o 907, [o:]g 7 == — 10.58® ^ 

Goldschmidt and Freund’* have prepared the following den v- 
atives from the if-car\’oxime (Mz)= + 39.62°). Solutions 
in chloroform. 



P 

d^. 

i 

1 1 

Carbanihdocarvoxirae 

2 7205 

14773 

18® 

+ 31 67° 

Carbo-o-toluidocarvoxime 

27547 

1 4755 

18 

+ 2740 

Carbo-7«-toluidocarvoxime. . . . 

2 7402 

1 4763 

18 

+ 29 79 

Carbo-Atoluidocarvozime 

2 7106 

1.4729 

20 

+ 3075 

Benzoylcarvoxime 

9 105S 

1.4426 

18.5 

-}- 26.64 

o-Toluylcarvoxime 

9 1942 

14423 

155 

+ 27,08 

7rt-Toluylcarvoxime 

10.0169 

1 4363 

155 

+ 2686 

/i-Tolnylcanroxime 

92950 

1 4395 

I5‘5 

+ 2344 

Phenacetylcarvoxime 

7 7806 

14378 

22 

+ 40 63 

o-Brombenzoylcarvoxime 

54687 

1 4729 

22 

+ 25 96 

7;/-Brombenzoylcarvoxime • • • 

55132 

1 4692 

235 

-|- 18.24 

^-Brombenzoylcarvoxime i 

5 4965 

1 4709 

23 

+ 14 90 

o-Nitrobenzoylcarvoxime 

4 5575 

1 4647 

23 

0 0 

i«-Nitrobenzoylcarvoxime . . . . 

4 5S45 1 

1 4625 

235 

+ 20 68 

ANitrobenzoylcarvoxime 

45648 1 

14656 

225 

"f 1733 


For further data on carvoxime denvatives, see Goldschmidt 
and Fischer, 

aT-Sylvestrene, C,,H,g In Swedish and Russian oil of 
turpentine Liquid Boihng-point, 175° to 176° 

d}^ = o 8510, [o:]g = + 19 50 5 

Boihng-point 171® (P^=zq 8653, = -f 17° e 

Chloroform nr 14.316, d}^ = 1,351, [a:]“ =r + 66 32® ’ 

^ Wallach, Conrady Loc cit 
- Wallacb Atm Chem (Liebig), 270, 179 
^ Ztschr phys Chem , 14, 39S 
♦ Her d chem Ges , 30, 2069 
Atterberg Ibid , 10, 1206 
" Tilden J Chem Soc , 33, So 
' Wallach. Conrady Ann Chem (Liebig), 252, 149, 
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Derivatives • Dihydrochloride ^ CxoHje,2HCl. Monosymmetric 
crystals ; melting-point, 72°. 

Chloroform ^ = 14 20, = 1.4235, [a]?, = + 18 99® 

Dihydrohromide, CioHig,2HBr. Monosymmetric crystals ; 
melting-point, 72°. 

Chloroform ^ = 4.359» ^ 499» 1 ^ 1 %^ = “r 17*89° 

Tetrahromide^ CioHigBr^. Monosymmetric crystals ; melting- 
point, 135°. 

Chloroform ^ = 4*338, = 1.517, = -f 73-74° 

Nitrolhenzylamine, CjoHj^NONH.C-H^ Crystals ; melting- 
point, 71°. 

Chloroform ^ = i 908, s = i 495, [a]^s = 185.6® 

Nitrolhenzylamine Hydrochloride^ C,oHjgNONHC-H.HCl. 
Crystals. 

Dll. alcohol p= 1,571, = o 904, [a:]7,5 = -f 79 2° ^ 

/-Sylvestrenk. From Pinus Abies, Liquid ; boiling-point, 
170.3®. 

08664, MJJ = -i8 3°- 

^-Pheeeandrene, CjoHia In bitter fennel oil, elemi oil 
and resin. Liquid ; boiling-point, 171® to 172®. 

dP = o 8558, [or]" = + 17.64® ® 

Derivatives Diphellandrene^ ^20^32* Made by heating 
phellandrene for twenty hours to 140° to 150°. Melting- 
point, 86®. 

Chloroform = 5 65, [a]z> = + 82.9® * 

Nitrite, CioHjgCNONOa Melting-point, 94® 

Chloroform [or]/? = — 183.5° “ 

^^-Menthene (hydromenthene), CiqH^b splitting off 

water from /-menthol. Liquid , boiling-point, 167.4° 

= 0 8073, [cr]2 = + 10 66® = -f 13 25) ® 

1 Wallach, Conrady • Loc ctt 

2 Kunloff J praltt Chem , [II], 45, 126 

3 Fesci Ber d chem Ges , 19, Ref. 874 

4 Pesa Loc cit 

6 Pesci Loc cii 

^ Atkinson, Yoshida J Chem Soc , 41. 53 
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Boiling-point, 167® to 168°. 

o S14, [a]}® — 26.40® ^ 

Boiling-point, 167^ to r68°. 

M- “' 53 * 53 ®- 

/-MbnThene. By splitting off hydrochloric acid from the 
right-rotating inenthyl chloride Liquid; boiling-point, 170® 
to 171® 

o 816. [a}/* --- — 34 3 ® * 

2. Alcohols 

/- Menthol, Menthacamphor, Cif,HiaOH. In oil of pepper- 
mint. Crystals : melting-point, 42° , boiling-point, 211.5°. 

Alcohol r - 10. - —50.1°)* 

** 5 . [or'jy, = - 49 4 )' 

“ / - 20* ^ “ 0.8115, M 5 ? ^ — 49 35 °)/ 

. . . / 10, - o S845, [a]=° = - 50 59 / 

For menthol of American origin (Michigan), Long gives 
the following values, holding for q = 30 to 92 

Melteil .. .. 0S810, / = 46®, [cr]/) = — 49.86° 

Alcohol t 20 ' ~ — 48247 — 0011108^ — 0,00001870^* 

Ben/etie . . / 20® * —49511—0,025634^—00008403 

4- 0.00001 102 q'^ 

GZac acet. acta / 20- , —47711—0006386^—000007142^* 

Defnafizes * Carbonate. Mother-of-pearl-like 

crystals , melting-pwint, 105°. 

Benzene / ~ 2 021 [ ay /, — - gz 52° ' 

Lrethane. C ,Hi.,O.CO.XH.. Rhombic needles , melting- 
j¥>int, 165^. 

Chloroform / = 0.58, [a]/ == — 85 11° » 

Siicamc Add Monoester , COOH.C,H, COOC,oHi,. Crystals; 
melting-point. 62' 

1 * 375 . - 59 63° ** 

swker Kremcrs Am. Chem J . 14, 291 

- Slavjnsks' j rass chem Gcs , ap, nb 

“ Berkenhcsm Ber d chem Ges., as, 690 

♦ Arth .\nn cbim phj.. [6], 7, 43S 

“ Becknuan Ana Chem fUcbigt, as©, 327 
; Am Chem Soc , 14, 149 Chem Ccntrlbl . 1S92 11 , 525 
Arth Hi p 470 

Arth Z.tv. iir , p 464. 

Alth /Mt. i. 2 p 4^3 



CAMPHORS AND THRPENES 


621 


Succinic Acid Diester, C,H,(COOC.,H„),. Rhombic octa- 
hedra ; melting-point, 62® 

Benzene = 1.87, [«]•» = — 81.52“ ' 

Phihalic Acid Monoester, C,H«(COOH)(COOC„H„). Micro- 
scopic needles ; melting-point, iio°. 

/ 1.575, [a]S == - 105.55® * 

Phihalic Acid Diester, CgH^CCOOCjj^Hjg,),. Rhombic crj-s- 
tals ; melting-point, 133°. 

Benzene /=2.cx)6, [a]*^ — — 94.72®"* 

Be^izoic Acid Ester, CgHg.COOCj^Hjg. Crystals ; melting- 
point, 53® to 54°. 

Benzene. - • / = 0.953, [<r]~ — 90 92® * 

Alcohol = 20, 0.8312, [or]^ = — 86.41® ^ 

Alcohol ... . ^ = 20, [a]/) = — 90.72® 

Goldschmidt and Freund^ prepared the following derivatives 
from menthol ( Mz) = — ' 50 i) 



P 

tit 

1 — j 

Phenyl carbamic acid ester- 

5 6085 

I 4486 

1 20® — 77 21 

(J-Tolyl “ •< “ . 

5 6157 

1 4436 

t 21 — 65SS 

7«- “ “ . 

55791 

I 4428 

! 21 5 -71 43 

“ “ “ “ 

56177 

14437 

1 21 -7250 

L. TschugaefF has made the following determinations * 



d-:. 


Menthyl formate. . . . 


09359 

— 79 52“ 

“ acetate .... 


09185 

— 7942 

“ propionate 



0 9184 

— 7551 

“ ^/-butyrate 



0 9114 

— 6952 

“ «-valerate. . 

. . .. 

0.9074 

— 6555 

“ ;/-caproate 



09033 

— 62 07 

“ «-heptylate 


0 9006 

-5885 

“ «-caprylate. 


08977 

55-25 


1 Arth Loc ctt , p 482 
- Arth ' Loc ciU^ p 488 
3 Arth . Loc ctt , p 486 
^ Arth Xjoc , p 481 

« Beckmann, Pleissner . Ann Chem (X^iebig), 363, 33 

6 Beckmann J prakt Chem , [III, 5 Si i 7 

7 Ztschr phys Chem , 14, 397 
*» Ber d. chem Gcs , 31,360 
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^f-TERPINEOI., CioHj-OH. 

^r. I^iquid ; boiling-point, 213.7° 217.7° ; 0.9189. 

[ajj^s = -i- 48.4® 1 

b. Cr>^stalline , melting-point, 32° ; boiling-point, 120° 
(20 mm.). 

In fused condition, -f 19.08°. 

Alcohol = — S5 53® - 

/-Terpineoi.. 

a. Liquid ; boiling-point, 217.7° 220.7° I = 0.9201. 

-= 56.2° ** 

In alcohol-sulphuric acid solution, the rotation sinks very 
rapidly and may finally disappear entirely.* 

Boiling-point 2iS° to 223®, = 0.961, [a]/i == — 64 05 ^ 

b. Solid , melting-point, 32° ; boiling-point, 220° 

In melted condition = 0.9533, C^]z> = ” 80°. 

Alcohol [a]/) = — 92 32® *■’ 

Melting-point, 32° ; boiling-point, 215° to 218°. 

[a]/, r= — 117 5 ‘ 

Derivatives Fot^mate, Ci,,Hj-OCOH. Liquid ; boiling-point, 
135"^ to 138° (40 mm.). 

^ 0.99S6, [ti]/) = — 69 25® *' 

IsoPULEGOL. Boiling-point, 91 ° (13 mm. ) . 

■» = o 9154, [ir];: s — 2 66° 

y. Amme Bases 

£f-MENTH\XAMiNE, Liquid ; boiling-point, 206° 

to 207°. Bj' reduction of the oxime. 

Alcohol ^ “ 10.78, d^ = 0.8749, [or]/? = — 9 26® 

^ F!awitzk\ Bcr d. chem Ges , ao, 1959 

* I.afont Ann chizn phys, [6], 15. 204. 

Flawitzky Bcr d chem Ges , la, 2355 

* Flawitzkv 

- Bimhardat. I^afont Compt rend , toa, 435 

* Iiafont * Ann chim phjs . [6], 15, 1S6. 204 

‘ £rtschi]coirsk> J mss chem Ges, 38, 132 
** nafont Bull , 49, 335 

*•* Ttexnann, Schmidt Ber d chem. Ges , ap, 903 
Xegoworoff Ibid , 35, 621 
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From /-menthone by ammonium formate. Liquid ; boiling- 
point, 205° 

fl?‘^ = o866, M5, = + 14.71®' 

Alcohol ^ = 12 7016, [o:]^ -f- 8 22° * 

Derivatives • The following determinations have all been 
made by Binz . ® 

Hydrochloride, CioHjgNH^.HCl. Prisms , melting-point, 189®- 

Water ... . ^ = 2 77, 0022, [rt:]g = -f 17.24® 

^ther P = i ii, = o 73, la% = + 8.34® 

The rotation of the solution does not change on standing. 
Hydrobromide Small needles ; melting-point, 224®. 


Water = r 30, = i 03, lay* = -p 13.83° 

Ether p — 1.36, a?*- =0 729, [flr]«s = 5 26® 

Hydroiodide Crystals , melting-point, 270° (with decom- 
position) . 

Water ^ — 275, ^ = i 009, = -f 11,79® 


Formyl Compound, C,oHj^NH.COH. Crystals, melting- 
point, 116° to 1 17® 

Acetic ether. . . ^ = i 83, =0 9132, [a]g =4-50 89® 

“ “ • p = i 809, = o 9128, [»]« = + 49.98 

Chloroform /> = 5 39 . d* = i 458, la}*^ ^4- 54.11 

“ •• d^ =^1 459 , M5, =4-5396 

Methyl alcohol ^ = 7 16, =: o 812, [a:]” =; -j- 63 30 

Acetyl Compound, Cj^HjaNH COCH3 Pnsms , melting- 
point, 166° to 167®. 

Acetic ether. pz=zi>jT^ = 0.9124, [a]g = 4- 44 71° 

“ " i& = i 42 , ^0.9132, [a]« =4-4548 

Chloroform .. ^ = 4.40, d'^ = 1.468, [orJSj = 50 57 

“ .. /-:: i 89, d ^ =1493. =4-5184 

Methyl alcohol / = 5 39, d'^ = 0 810, [«]« — -j- 48 80 

Propionyl Compound, CjoHmNH COCgHg. Crystals , melting- 
point, 150®. 

Acetic ether ;> = i 84, dy^ — o 9134, [o:]« =4-40.45° 

“ “ .. ;J = iSo7, d- =0913, [crjg =4-3956 

Chloroform ;> = 5 51 . ^ i 453. 1 ^ 1 % = -f 45-14 

“ . p = 2 7, d^ = 1.449. = 4 - 46.48 

Methyl alcohol p — 7,19, d^ o 8125, [£r]j, = -j- 54.30 

1 Wallach, Bins Ann Chem (l,iebig), 376, 324 

2 Bmz Ztschr phys Chem , 12, 727 
J /did , 12, 727 
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Btityryl Compound^ Crystals; melting*- 

point, 105®. 

Acetic ether.-. /> = i 78, 0.9114. - -r 35.64° 

Chloroform .. — 4 88, -=1 457, [a]®, — -7- 40 59 

/-MenTHYDAMINE, Liquid; boiling-point, 204°. ^o=- o 8685. 

Alcoholic solution ^ — 33° ^ 

Boiling-point, 205®. d’ = 0.860. 

Without solvent 3 ® O/ * 

Alcohol r = 11,269, [cr]“, — 31.90 * 

Derivatives . Hydrochloride Cr3’stals , decompose above 
270° 

Water = 2 99, = i ooi, [or] 5® — -r 35 66° 

“ / = 3 2 - - o 998, [a:]=y - 35.56 

Hydrohromide Needles ; decompose above 200®. 

Water p - 2 963. d*- - i 007, [tr]J= = — 29 32° 

Hydroiodidt. Crj'stals ; decompose above 200® 

Water P 2 7^, d^- ~~ 1.009, Mrf — — 24.72° 

For?nyl Compound. Crj^stals, melting-point, 102® 

Acetic ether-. /^ = 2 19, * = o 913, [a]“s ~ — 76 44° 

*• “ ... P^2 17 . flT” =09135, [«]“ ^ — 76,49 

Chlorofonii = 5 25, -- i 457, [a] 5 , ~ — 83.78 

“ .... ^ = 5 22, rf'-' ^ I 4555, [orjss = 82.97 

.../>= I 39, d'‘ '* -“-.1.4S6, [a]»,5 — 82 09 

Meth\l alcohol 7 44, d}^^ -08131, [or]}y -““8343 

Acetyl Compound. Cr\^stals ; melting-point, 143° to 144° 

Acetic ether. . / — 2 16, d}' —ogiiS, [tr ]*^3 — — 7627° 

“ •* - ;^~2(j6, d }'‘ ^09117, [ar]g =-—7689 

Chloroform . . /^ ^ 5 36, 4525, [rr] 9 , = — 81.73 

“ .... = 5 34, d^^ ^ 1 45i5t — 81 90 

“ ....7^ = 148, d * =1483, [a];, --= — 8229 

Meth\l alcohol / = 2 52, (T ~o S05, [or]®, = — 83 64 

“ “ P ~7 3S» d^'" = o S133. = — S5.67 

Propio 7 iyl Compound. Crystals; melting-point, 88® to 89°. 

Acetic ether... / = 2 13, d}^ --0911. [a]g = — 67.26° 

Chloroform ^ — 5 .<J 9 » d'' =1.462, [tr]s^ =—6753 

Methyl alcohol /» = 8 93, dP =0 8148, [or]®, = — 78 02 » 

Ethyl alcohol-. p — 2S, (P =0.8045, M?, = — 76.02 

t .J^ndre«. .\ndr«eff jBer d chem Ges , 25, 620 
- Wallach, Binz Ann Chem i Liefais). 276, 323 
3 Bm? Zt«chr phys Chem , las, 728 
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Butyryl Compound Crystals ; melting-point, 8o°. 

Acetic ether. .. p — 22^^ d}- — 0.9122, [a]g = — 63,58® 

= 2.X9, 5 ~ o M/j 5 = '— 64 75 

Chloroform / = 4.47, rf* = 1.464, [a]^, — 72 10 

“ 2.69, --= I 479 * [^]i> = “- 7087 

The above determinations all by Binz.' 

The base, C^H^gN^Cl, has been made b^- Wallach b\^ treat- 
ment of iso-/-menthonoxime with PCI3 in chloroform solution. 
Melting-point, 59® to 60®- 

Alcohol = 2 17, =z 0.7975, = — 186 35® - 

4. Ketones 

^-Menthone, CioHjgO From menthol by oxidation. 
Liquid ; boiling-point, 208®. 

= 0.9000, [o:]g == T 28.14® * 

Derivatives Oxtme^ CjoHigNOH Thick oil. 

Alcohol p "20^ 8250, [o:]}? = — 4 85 * 

“ p — 20^ =08199, ~ — 921' 

Oxime Hydrochloride, C,„HjgNOH.HCl. Melting-point, 95° 
to 100® 

Alcohol ^ = 10, = 0.8170, [tr]^ = — 24 48® * 

Dibrommenthone, CjoHj^Br^O. Melting-point, 79® to 80® 

Tetrachlonde of carbon ... p~ 3,05, [cr]/> = -p 199 4® ‘ 

/-Menthone. Liquid , boiling-point 206,3® » 207® 

= 0 8972, [tt]z) = -f 17 02® (calculated from [a]^ = — 21 16)" 
d^^ = o 8960, [o:]g = — 28.18® 

= o 8934, [«]“* -- — 27 67® 

Derivatives Oxime Crystals; melting-point, 58°. 

Alcohol ....;> = 20, = o 8220, [tr]g = — 40 7 to -f 42® 

“ .. .;^ = io, = 07998, [a]=?=- 42 5i® 

^ Ztschr phys Chem , 12, 727 

2 Wallach Ann Chem (I^iebig), nyS, 306 

3 Beckmann Ibid , 250, 338 
^ Beckmann Loc cit 

'• Negoworoff Ber d chem Ges , 25, 620 
c Beckmann Ijoc at 

7 Beckmann. Eickelberg Ber d chem Ges , 29, 41S 
s Atkinson, Yoshida J Chem Soc , 41, 50 
3 Beckmann Loc at 
w Binz Ztschr phys Chem , 12, 727 
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Oxime Hydrochloride. Crystals ; meltyjg'POint, 1 18° to 1 19°. 

Alcohol ;> = 10. = 0.8175, [«]?? = - ’ 

Isooxime. Melting-point, 119° to 120° ; boiling-point, 295“. 

.Alcohol p = n, = o 8 j 7, [a]g = — 52 25® ® 

Tanacetone (Thnjone?) , CijHuO. In the oil of Tanacetum 
and other oils Liquid ; boiling-point, 84.5 (13 

= o 9126, ai> for 2 dm = -b 38 $, from which [or]i> = + 21 1“ “ 

PuLEGONE (Puleone), C,oH,50. From Mentha^ pulegviim 
(polei oil) Liquid with boiling-point, 222° to 223°. 

9293, = -f- 25 35° * 

09323. [a]“ -t- 22 89® ® 

Derivatives Oxime, C„H,,NO,. Needles ; melting-point, 

157°- 

Alcohol ..../= 10, d^ — o 7998, [ar]“ = — 83 44® ® 

Oxime Hydrochloride, C,„H„NO,.HCl. Crystals, melting- 
point, 117® to 118° 

Alcohol / — 10, 0,8268, [a]^ = — 32 43° 

Ptilegone Bromide, C,„Hi,OBr. Crystals, melting-point, 

40.5°- 

-Alcohol / = 20, rf" = o 8555, [a]“ = — 33 88° ’ 

Oxime, C,„Hj,NOH From pulegone bromide Crystals , 
melting-point, 84° to 85°. 

-Alcohol p — ia, rf-® = o 8277, [ajg = — 34 53° | * 

“ / = io, “=08114, “ = — 3515 i 

rf-CARVONE (formerly known as carvol), CuH^O In 
cumin and dill oils. Liquid ; boiling-point, 224°. 

(P^ 5 -- 0.960, [a]g s = -f 60.6° " 

= o 959, [orjjj = + 62 2° 

* Beckniann Loc cit 

2 Bi»2 Ann Chem 377, 157 

^ Senunler Ber d chem Ges , as, 3344 

* Barbier Compt rend , 114, 126 

Beckmann, Pldssner Ann Chem (X^iebig), ada, 4 

* Beckmann, Fleissner 

■’ Beckmann, Pleissner L&c cii , 32 
« Beckmann, Pleissner . Loc cit , 27 
» Fliicklger , Ber d chem- Ges , 17, Ref 355 
1*' Beyer /dwf , 16, Ref 1387 



Derivatives • Hydrogen Sulphide Carvone, CiqHj 40,H,S* Crys- 
ils ; tnelting-point, 187°, 

Chloroform d: = lo^ [dr]^ = + 5.5® ' 

Oxime. See under derivatives of /-liinoneue, 

/-Carvone. In curled mint and kuromoji oils. I^iquid; 
oiling-point, 223 to 224°. 

= 0.959, [a]jo = — ■ 62.46® ^ 

Derivatives * Hydrogen Sulphide Carvone. Crystals ; melting- 
>oint, 187®. 

Chloroform d: = 10, [or]^ = — 5 5® 

Oxime. See under derivatives of d/-limonene. 

df-lRONE, CjaHgoO. The odoriferous principle of the violet. 
4quid ; boiling-point 144® (i6 mm.). 

= 0.939, [or]/) =: about + 42 6® * 

C CAMPHAN GROXTP 
I. Hydrocarbons 

df-CAMPHENE, CioH^g, Solid ; melting-point, 48® to 49® ; 
Doiling-point, 160® to 161® melting-point, 51 2® ; boiling- 
DOint, i6i® to i63®.‘‘ 

a. From oil of turpentine . 

[a]D “+176, ([o:]y=:=+ 22®) 6 

b From camphor dichloride. For the fused substance at 
' == 99-8®, d ^ 0.8345, and for t == 83.5, = + 55.1® in a 

I dm. tube.® If dj?”®® be calculated from the data given below 
for /-camphene, we have 

df«» •> -- 0.848a, [ayjs == 4- 64.84° 

Melting-point, 57® to 59®. 

[or]/) = + 44.2° ’ 

A Beyer. 

a Tiemann, Kriiger Ber d chem Ges , a6, 2680 

« Wallach Ann Chem (I^iebig), 230, 334. 

* Kachler. 197, 96 

0 Berthelot Jahresber d, Chem (1863), p. 44X. 

0 Spitzer Atm, Chem (I^ieblg), 197, 129 
Montgolfier Compt rend , 85i 


c. From bornyl chloride, = + 19.94° for fused sub- 
stance in I dm. tube at 85®. If we take the specific gravity 
as for 1-camphene, we have : 

8168, [^ir]g == + ^44® ’ 

d. From spike oil. I^iquid ; boiling-point, 156® to 160®. 

= 4- 29,10® * 

Derivaiives: Hydrochloride^ CjoHigHCl. 

[ctjn = — 20 25° » 

Ethylcamphene, CjoHjg.CaHg. I^iquid , boiling-point, 197.9° 
to 199.9®. 

08709, i^=:25°, [iJ'Jyj =rr 4. 7,2® ^ 

Isobuiylcamphe 7 ie^ CjoHjg.C^Hg. I^iquid ; boiling-point, 228® 
to 229®. 

= 0.8614, t = 21®, [«]/) ^ 4' 7.4® ® 

/-Camphenk, Terecamphene. 

a. From /-turpentine hydrochloride and alcoholic potash. 
Melting-point, 45® ; boiling-point, 160®. 

Melting-point, 45® to 48® ; boiling-point, 156® to 157®, For 
the fused substance at the temperature i, d — 0.8881 — 
0.000839 t 

Alcohol ^ = 62 to 90, ^ = 13 to 14®, [a:]jD — 53.80 4- 0.03081 {/ 

Thus, ~ 20, [«]/) = — 51.34® ^ 

h. From citronella oil. Liquid ; boiling-point, 160®. 

= 0.864, [or]/?== — 67®« 

c. From kesso oil. Liquid; boiling-point, 159® to 161®. 

= o 871, [ a^D == — 70 4® ^ 

Derivatives: Hydrochloride, CnHu.HCl. Solid; melting- 
point, 147°. 

Alcohol p — 10.5, [a]/, =r 4- 30.25° 

* Kacbler Ann Cbem Clyiebig’), 197, 97 
- Bonchardat Compt rend,, 117, 1094 

* Bouchardat , Loc cit 

■* Spitzer Ann Chem {I^iebig"), 197, 135 
s Spitzer 

® Berthelot; Jabresber d Cbem (ifi62}, p 457 

* Riban Ann cbim pbys , [5], ($, 357 

8 Bertram, Walbaum J prakt Chem , [2] 49, 17 
*’ Bertram, Walbaum Loc cU 
w Riban * Ann cbim pbys , [5], 6, 360 
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Fo 7 ^mate, CioH^.CHjOg I^iquid ; boiling-point, 125® (40 
nm. ) 

= I 0276, [a]/) = + 10.3® ^ 

Acetate, CjoHj6.CaH,i02. Wquid ; boiling-point, 123° to 127® 
35 

1.002, [a]z> = + 19.45° 

ot-Cainphene Phosphonic Add, 2CioHjg.PO}jH2 + H^O. 

Alcohol [«]i) = — 119® ” 

fi-Camphene Phosphotnc Add, CioHig.POgH^, Melting-point, 
70°, 

Kther [or]y) = — 71® * 

^^-Pinkn:)^, flf-Terebenthene, Australene, Cn,Hje. Is obtained- 

a. From American oil of turpentine {Ptmis A 7 tstralis, P. 
aeda) The commercial oil shows extremely variable rotation 
vhich IS, in many cases, due to the presence of /- pinene from the 
outhern spruce pine. For the common oil not known to con- 
aiii the spruce product, there was found [«]yj== + 9° to 
[-29® The rotation" decreases regularly on fractionation, 
o 910S, [cr]" ~ -j- 14 15° « 

b From Russian oil of turpentine {Pmiis sylvestns, P. Abies ) . 
’^he commercial oil shows + 11.5® to 17® (and some- 

imes higher). 

For the pure rf-pinene there is given : 

Boiling-point 156 5® to 157 5 ° = o 8631, [^r] + 36 3°^ 

“ “ 1555° “ 1565° * ® 0.8547, [^]j?s=:+32 4°« 

“ “ 1555° “ 1565° •* =08600, [ a ] f , =+320°® 

“ “• i6i® + 17.1 - 19*4°*" 

“ “ 156® (corr ) at 753 mm. == 0.S746, df = o 8585 

+ 4 S‘ 04 °^’ 

‘rom cumin oil, b. p. 157® to 158° . .. :=^ 0.8404, [tr]/; = + 29 46° 

1 lyafoftt Ann. chim. phys , [6], 15, 149 
lyafont 

« Marsh, Gardner J Chem Soc., 65, 36. ‘ 
t Marsh, Gardner 

fi lyoiig, J Anal Appl Chem,, 7, 99 (1893) , Chem. Ceiitrbl , 1893, i, 835 
^ lyAiidolt. Ann Chem (Xyiebig), 189,315. 

1 Atterherg , Ber d chem, Oes., 10, 1203 

s Flawitzky /bid ,11, 1846 

® Flawitzky • Ibid., ao, 1956, 

i»> Bcrthelot* Ann. chmi, phys„ [sit 40, S 

11 Flawitzky J. prakt Chem., [2], 45, 115 

13 Wolpian • Pharm. Ztschr. fttr Russland, 35, 145. 


6^0 CONSTANTS OF ROTATION OF ACTIVE BODIES 

Rimbach’ found for the influence of different solvents 
turpentine oil having [oQ? == + 34-Si®: 

Alcohol loto loo, / = 2o°, [a] /?= 34*^51 

from this for c ~ 20, [or]/> = 35.63° 
i;iac, acet aciti- -- ^ 10 to 100, / — 20°, [a^n — 34-^89 -f- 0.001746* 

-r 0.00033528 

from this for c -=20, [a\n = 3 ^- 9 °^ 

These figures are given for the rotations of the oil of tu 
pentine in mixtures of alcohol and glacial acetic acid : 


Comp of the mixture 

CAfkL acid Alcohol 
Per cent Percent 

TurpenUneoil ^ 
in ICO parts of) ai 

solution of the sol 

Per cent | 

MB' 

of tlieturp 

! Oil 

1 

84 $ 

15 2 

20 2 

09653 

36 79 ° 

70 

30 

203 

0.9349 

36 63 


50 

20 6 

08949 

36.44 

30 

70 

20.4 

j 08578 

36.15 

15 

S5 

20 4 

0 S298 

35 97 


Denz^iives Hydrochloride, Cn,H,g HCl Crystals , melting 
point 12^^. 

Alcohol ^ 2S 7, d>^ o S496, [alg = + 30.96° 

" / = 12 24, f/'" = o S147, = + 31 23 

The specific rotation calculated from this, independent o 
the s*jlvent is * 

M*'=- 7-2S79°2 

According to Wallach and Conrad 3 ’* the hj^drochlonde anc 
the hydrobromide are inactive. 

Dibromide. Liquid 

= I 5725* [urJS ^ -r 30-5° * 

--- I 1243, [a]/, = -^ 7 04° s 

According to Long/ the h3*drochloride is active. He gives 
~ 7-^7" as the value obtained in experiments with 

the product from American oil of turpentine. When the 

* Zti€hr i*TS Cbem 9, Tcr 

* FUwit^ky J prakt Chem >] 45, ii> 

* Ab« Cbcm 35*^ i5;5 

* Fl«vitxk> Aa i 2: 

* Wolpuis Ax Li: 

* J Am. ChcM >soc , 31 , I*;;: j I’igg) 
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nature and sources of the American oils are considered, it is 
evident that this value cannot be constant. An explanation is 
thus given for the discordant results of different observers on 
this point. 

/-PiNENE, Terebenthene. 

a. French oil of turpentine {Ptnus pinaster^ Ptnus man- 
iwta). The commercial oil shows [«f]/) = — 25° to 43®. 

b. Venetian turpentine oil {Pbitis iarix). For the com- 
mercial oil \/x\d = — 4-2® to 4 8®. 

c. Templin oil, oil of pine cones i^Pimis picea^ Pinns 

Pumilio)^ [a]j = — 8.2® ^ = 0.856, ajin i dm. tube= — 

^5-2, My — — Rectified, 0?^ == — 92.5, [«]/ = — 

107.6®.=^ 

d. In American oil of turpentine also, /-pinene has been 
found by Long,*' the specific rotation of which, was in one case 
found to be M/, = — 40 79® The /-pinene m this case was 
distilled from fresh oleo resin. It is probable that much of the 
so-called Aniencan oil contains /-pinene. ^ 

c. In Asarum EiiropaeimL Boiling-point, 162® to 165®. 
/ -- 20°, M/, =--= — 25 I®.” 


Roilmg-poiiit 161® ■ • 

•• [«]/> = 

— 338. 


— 42 3 ®) “ 

“ “ l6l®. 

.. dt - 

0 8629, 

- 

— 3701°^ 

“ “ 156°. 

rf'" - 

0.868s, 

[«]^ 

-- 40 3° « 

“ “ 155 “- 

... flf" ^ 

[«]/. - 
[«]/. = - 

0 8587, 

- 44 95 ° 

-491°" 


— 43 4 ® 


The discordant results are probably explained by the fact 
that the rotating power of pinene is diminished by oxidation 
on standing in the air. For example, Landolt found, with a 
preparation having originally [ar]^, = - 37°, a rotation of 

I Jolly, Buchner Ann Cliem. (I#iehig), i id, 328 
» Pluckigei, Berthelot Jahresber , 1855, p, 643 

J J Anal Appl Chem , 7, 99 (1S93) , Chem Centrbl , 1, 835 (1893) , J Am Cheni 
Soc , Id, 844 (1894) 

^ J. Am chem Soc , ai, 637 
6 Petersen Xnaug.-Diss (Breslau), Berhu, 1888 
« Berthelot Ann. clmn phys., [3], 4 o, 5 
f lyandoltj Alin Chem. (I^iebig), 1891 311 
« Ribaii • Ann. chim, phys , [5], d, 13. 

0 Plawit7ky ; Ber d chem Ges„ la, 2357, 

1 “ Bouchardat, I^afont * Cojupt. rend , loa, 320. 

” Bouchardat, lyafoiit; Ann. chim. phys , [6], 16. 242 
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— 35 7® after the same oil had stood four weeks in a 
flask 'with air ^ 

With increasing temperature up to 150° the rotation of 
turpentine oil is decreased according to the following formula " 

-- 36.61 - o 00444 ^ 

Derivatives Hydrochloride, Cr5’stals , melting-point, 125® 

ia]o = ^ 26 3« 

[a]n - - 3069® ^ 

Hydrobromide. Crystals , melting-point, 92®. 

[oc'Ij) - — 24.6° ^ 

[a]/. = — 27 S02® 

Phthalhmde Compound, CeH,(C0j2N Rectangular 

plates; melting-point, 90® to 100®. 

■ -35° 3^'' 

i-Isotcrebenthene, Made by heating /-turpentine oil 

to 300° Liquid , boiling-point, 175° ^‘-=08416 

^ [a];. -^-9 45®, —1087®^ 

Boiling-point, 177 5® 

t --20^ [a];, = -838°** 

Iw, 

^/-IsOTERPENE, From //-terpineol by action of acetic 

anhydncje. Soiling-point, 178 3°. 

o 84S0, ^ T 57 6° 

S * * 

/-IsoTERPENE, From /-terpineol. Boihng-pomt, 176 7° 
rff = 0.8529, [a]j; = — 47 5° ” 

Boiling-point, 179 3°. 

o S4S6, [ir]»; ~ — 61 0° '■* 

1 Ann Chcm {t,iebigj, 189, 311 

* Gemez Ann Ec norm , i, i 

*• Wallacb, Conrady Ann Chem (Eiebig), aga, 156 

* Pesci Gazz cbim ital , 18, 223 

* Walladif Conrady Loc cii 
® Pescj loc at 

‘ Peso Gazz chim ital , 31, i to 4 
- Rxban Ann chim pbys , [5], 6, 21^ 

Barbier Compt rend , 108, 519 
t Flawitzky Ber. d chem. Ges , 13, 2557 
Kunlo 0 J prakt Chcm» [2]. 45, 131 
w Flawitzkj Ber d chem Ges . t3, 2357 
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/-Fenchbn]^, CmHjg. From fenchyl chloride and aniline. 
Boiling-point ~ I50°~i54®, 0.8667 

Cnr]z, = ---6.46‘^i 

2. Alcohols 

^-Bornboi,, Borneo Camphor, ^^-«-Camphol, CiqH^OH. 
Vrom Diyobalanops ca 7 nphora Crystals ; melting-point, 198^ , 
boiling-point, 212°. GivCvS ^f-camphor on oxidation. With two 
different preparations : 

a Acetic ether ^: = 15 4, ^ = 20®, [a]n -= + 38 S3® ^ 

b “ “ /-:i7 54, 08876, i*=-2o®, “ -- + 3845 ) 

Melting-point, 203® 

Alcohol ^ 20, =: 0.8280, ^ ^ 20®, [nr]/) “= - 1 - 37.44° 


Melting-point, 

208 

. 4 ^ 


Alcohol .... 

c — ' 

154, 

t - 15O to 10®, 

Toluene . . . 

/> =- 

20, 

[a]/.^H- 38 “V’ 

Alcohol . . . 

/>-- 

20, 

“ -= + 37 J 


(On artificial borneols, isocampliols, and on the influence of 
different solvents on the constants of rotation, see below.) 
Derivatives Bornyl Chloride, CinH,.Cl Melting-point, 157° 
Acetic ether. . r - 172, if ^ 20°, [or]/; -= about — 23° *’ 

Ethyl Borneol, Ci„Hj7 OC,H.. Boiling-pomt, 205° to 208° 
= o 9490, [or]/j == -i- 26 3® ■ 

Chloral Bonicol, CClj,CH ( OH ) OCjoH,. Melting-point, 55 ° to 
56" 

Beii/ene, c =■ 15 07 ( 72 mol. 111 1 liter), t^ 15® to 16°, [a]yj -f- 30 13®” 

Bromal Borneol, CBrgCH(OH)OC,(,Hj7. Crystals, melting- 
point, 105® to 109° 

Toluene, ^ 21 7 (Va mol m i liter), i = 15° to 16°, [a]u = H- 52 4°® 

Acetate, CHj,CO OCujHi^. Crystals , melting-point, 24° 
Alcohol ... f — 19 6 , t - 15° to 16°, for]/) - 44 97° ’*' 

1 Gardner and Cockbiirii • J Chem Soc , 73, 276. 

- Kachler Ann. Chem (lyiebig), 197, SR, 90 
Ileckniaim Idtd,, aso, 253 
1 Haller Ann chim. phys , [6], 37, 394 
b ISeckmann J prakt. Chem , [3], 55, 31 

6 Kachler Ann. Chem. (I^ieblg), 197, 95 ^ 

' Bouchardat, lyafont Conipt rend , 104, 695* 

» Haller /dtd„ iia, 144. 

“ Miuguin ; /did., 116, 890. 

10 Haller, /did, 109, 29 
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BenzoatCy CgH-CO.OCioHi^. Crystals ; melting-point, 25.5°, 

Alcohol .... c = 25.8, t == 15® to 16®, [ar]z> =^4-43 92° ^ 

Neutral SuccinatCy CjH*(COOCif,Hi.),. Crystals; melting- 
point, Sa.y''. 

Alcohol ^ = 39 > ^ = 15® to 16®, = 4-42 05® * 

Acid Succinate y C^H^.COOH.COOCjnHi-. Crystals ; melt- 
ing-point, 58°. 

Alcohol ^ = 25 4, / ^ 15® to 16®. [ar]z> = 4-35 59 ® ‘ 

Neutral CeH*(COOC,oH,-)j. Crystals; melting- 

point, I 01. I®. 

Alcohol ... = 43 8, / == 15° to 16°, [ajz) = 4 “ 79 54 ® ® 

Acid Phthalatey C^H^.COOH COGCj^Hi-. Crystals ; melting- 
point, 164.48®. 

Alcohol 30 2, / = IS® to 16®, [a]/) = 4- 58.38® ® 

Carbonate, CO(OCn^H„)j. Melting-point, 220.6® 

[or]/. = 4-14 37 ® * 

Borneol Pheiiyl Urethane, CgHgNH , COOC^aHj-. Crystals , 
Melting-point, 137.75°. 

Toluene r = 5 46, if = 15® to 16®, {^<x\o = 4-34 22® ^ 

/-Borneoe, Valerian Camphor, /-ar-Camphol. From valerian 
oil, n’gai. bang-phien and madder fusel oil. Crystals ; melt- 
ing-point, 204° ; boiling-point, 210®. Yields matncaria 
camphor on oxidation. 

Alcohol, c =r 15.4, t == 15® to 16° 

From valerian oil p. 20S.S®, [a]jr> = — 37.77® ] ® 


“ n’gai “ “ 2090, “= — 3777 

“ bang-phieu “ “ 2080, “ = — 3820 

“ madder “ “ 20S.1, “= — 378 

From valerian oil, alcohol, . . . / = 20®, = o 828°, [o:]g = — 37 74® ’ 

Toluene / = 20, [n:]i, == — 38® I*’ 

Alcohol / = 20, “ — 37 ) 

^ Haller Loc ctt 
3 Haller Compt rend., io8, 410. 

3 Haller 


* Haller . Compt rend , 105, 250 
3 Haller; Ibid, 110, 149 

* Haller- Ann chim phys , [6], 37, 395 

T Beckmann ; Ann Cltem. (niebig), a8o, 353 
s Beckmann : J prakt Chem , (2], 55, 31 
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On the rotation in different solvents, see below under 
/ 3 ?-/-bomeol. 

Derivatives: Chloral BomeoL Crystals ; melting-point, 55^ 
to 56°. 

Benzene r ^ 15.07, t = 15® to 16°, [a]/? == 30.13® ^ 

Bromal BomeoL Crystals ; melting-point, 105° to 109°. 
Toluene • . - t 21.7, f 15® to 16®, [«]/> — 52 4®“ 

Acetate, Crystals ; melting-point, 24° 

Alcohol. . * . = 19 6, / =: 15® to 16°, la]j} — 44 02® ” 

Benzoate, Crystals ; melting-point, 25.5®. 

Alcohol . . ^ - 25.8, t — 15® to 16®, [a:]/? — 44 18® * 

Neutral Succinate Crystals ; melting-point, 83.7°. 

Alcohol , c t i5®toi6®, 42 39® 

Acid Succinate, Crystals ; melting-point, 58°. 

Alcohol ... i:-- 25 4, t ~ 15® to 16®, [a']/) - — • 35*94° ‘ 

Neutral Phthalate, CryvStals ; melting-point, 10 1 1°. 

Alcohol f - 43 8, i 15® to 16®, [orJ/j - — 79 ^4° ^ 

Acid Phthalaie Crystals , melting-point, 164 48°. 
Alcohol... c 30 2, ^ - 15® to 16°, —5827®^ 

Carbonate Crystals; melting-point, 219.4° 

[ci'> -441°” 

Bomcol Phenyl Urethane, Crystals ; melting-point, 137*25°* 
Toluene. * ^ ^ 5 46, • / 15® to 16®, — 34*79° ’ 

The following determinations are by I/. Tschhgaeff . ® 

> Haller. Compt rend, iia, 143 
3 Minguin lAtdf 116, 890 
3 Haller* /btd,y 109, 39. 

* Haller : Loc, at, 

Haller : Compt. rend., 108, 410. 

« Haller : Jdtd.^ 105, 230. 

T Haller: I 6 id,t 110, 149. 

3 Her d. chem Gea., 31, J775* 



636 CONSTANTS OF ROTATION OF ACTI\T® BODIES 


1 ! 
' 

\ 

[«]:? 

1 

\ 1 

/-Bortieol formate ' 1.0058 1 

— 40 46® 

“ acetate | 09855 

— 44 40® 

“ propionate 09717 1 

— 42.06® 

** «-but>rate | 09611 

— 39 15° 

“ ^-valerate | 09533 

- 37 oS° 

‘‘ «-caprylate j 09343 

— 31 45° 


/!^'Borneod» Isocamphol, Isoborneol. 

Montgolfier* and Kachler* obtained mixtures of two borneols 
by action of alcoholic potash on the camphors, of which one is 
stable, the other instable. The first rotates the plane of 
polarized light in the same direction as does the camphor em- 
ployed, the second in the opposite direction from that of the 
camphor, which is reproduced also by oxidation of the mix- 
ture. Haller^ finds that the stable borneols w’hich he desig- 
nates as ^-borneols, are identical with the natural borneols, 
while the instable products, or /5-borneols, are isomeric. 
Further peculiarites are shown in the following table • 

D«cnpt.on I [a]^ 


r or- borneols | 

i 

Active 1 

right-rotating a 

— 37 to 38 , 

[ 

flf-Camphor 

left-rotating a \ 
+ 

' — 37 to 38 

/- 

1 /i-borneols ( 

1 right-rotatmg j8 

+ 34 

1 

1 hsoborneols) 1 

left-rotating 

4- 

a and or 

~34 

i 

1 

; d. *■ 

L- “ 

Inactive borneols . 

is “ ? 

: ! 


a “ ^ 

1 

1 d- “ 



1 

.... 1 

i/- 


Haller investigated, further, the influence of different sol- 
vents on a- and yS^-borneol and found that the rotating power 

1 Ann. chun phys., [5], 14, 13, Compt rend , 84, 90. and 89, 101 

* Ann. Cbem (Uebig), 197, X02 

* Ann chtm phys , [dl, ay, 414 
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of the latter is changed by the solvent, while that of the first is 
not altered except by methyl alcohol. 

for t = 13® to 15® and ^: = 7 7* 


Solvent I 

1 

Methyl 

alcohol 

Alcohol 

Isopropyl 

alcohol 

Isobutyl 

alcohol. 

Acetone. 

Ligfoin. 

— 

n:-Bomeol . . . - 

— 35 93 

— 37 33 

— 37-23 

— 37 23 

— 37.87 

[ 

— 37.12 

] 9 -Borneol - • - 

— 3000 

— 3290 

1 

— 33*33 

— 33-54 1 

[ 1 

— 22.94 

— 22 72 


Solvent 

Acetic 

ether 

Benzene 

1 

Toluene 

Xylene 

A-Mcthyl- 

propylbenzene 

a-Bomeol .... 

jSlBomeol .... 

— 37-55 

.... 

-37.66 
— 19 18 

— 37-87 

— 18.93 

— 37-66 
— 18.95 j 

— 37-66 

— 1897 


d~ or l-hoborneol 

Toluene / = 20, [or]/? = ip 19® V 

Alcohol..... 20, “ =T 33 °j 

Derivatives Chloral BomeoL Not crystalline ; melting-point, 
55° to 56". 

Benzene . - / = 15® to 16°, ^ == 15 07, [or]/? = — 56.40 * 


Boriieol Phenyl Urethane. Crystals , melting-point, 130 05°. 

Toluene or alcohol ^ = 15® to 16®, ^ = 5 46, = — 56 77° 

oT-Fejnchyi, Ai^cohoi. (Fenchol), CjoHj.OH. Formed by 
reduction of /-fenchone Crystals , melting-point, 40° to 41° ; 
boiling-point, aoo® 

Alcohol 9 902, — Q 809, [ir]“ ~ -f 10 36® * 

/-Fenchyl Alcohol Formed from ^/-fenchone by re- 
duction. White crystals ; melting-point, 40® to 41® ; boiling- 
point, 201°, = o 933 

Alcohol. • p— 12.91, dP = o 812, [a ]*9 = — 10 35° 

^f-CAMPHENOL, CiyHiyOH Boiling-point, 196®. By action 
of glacial acetic acid on /-turpentine oil, [«]/? = + 13.9® 

1 Beckmann J prakt Chem , [2], 55, 31 

2 Haller Compt rend , 115, 143 
Haller /i/rf , no, 149 

4 Wallach . Ann. Chem (Liebig), 272, 104 

5 Wallach Ibid j 263, 145 




ACampkkkol. Boiling-point about 205° Formed v? 
the ^/-comjxmnd, [ct] — 46.9®.* 

Imk VMPHKNoi., Obtained from French oil 

turpentine by heating with benzoic acid. Melting-point, 4' 
iMjjling'pomt, to 199'. [nr]^. — -f- 10.4." 

Hydkate, fl^-Sobrerol, C,nHig(OH)j From aT-t 
jjtntine oil Monosynimetric crystals; melting-point, i5< 
\lcohol r ^ 5, [a:]/) 150® 

/-PiNOL Hydrate, ASobrerol. From /-turpentine < 
Monu**ymmetric crystals ; melting-point, 150®. 

\lcohol c -5, [a]z> - — 150® ** 

3. Amines 

f?^BoRNyr. Amine, C, Melting-point, 158® to 160 

V*ihng-point, 199' to 200®. 

Vlcohol p 12 5, = — 18 6® ^ 

F^J^^ter has recently described the preparation of two born 
aniine^ One is left-rotating and corresponds to the base 
Leuckan and Bach, above. This he designates as neobom 
ariime The other he calls lx)rnyl amine and is right-rotatm 
The following data are given for the derivatives of the lattei 



d [«]/> 

alcohol 

Mo 

beuzeiK 

J.ast C -NH 

, -- 45.5® 

+ 46 2° 

+ 57-1 

ileth\ 1 brjni \ I amine 

0907s lai") i 96.8° 

+ 8i 0° 

4- 95 9 

Eth\I horn^I amine 

0S947 fso") 1 J- 93.0° 

+ 75 4® 

+ 903 

*8-PrGp\I ^#orn\I amine 

08919 US®) 1 -i- 890® 

-f 72.0® 

+ 87 1 

2St.‘-Prup\ 1 bornj 1 amime . • 

0 8861 U4° ) . -f 84 0® 

+ 63 3® 

+ 81 I 

But\ 1 bonjyl amine 

08902 (15®) ; -L 81.7® 

-h 64 8® 

+ 80 3 

Dimethyl hctrnj 1 amine .... 

I■f62.5® 

+ 487® 

+ 59*6 

Dietb\ 1 born’v I amine 


-f 50.5° 

+ 62 6 

Fomv 2 Tjomvl amine 

••• 1 — 42.1® 



Acetvl born\ 1 amine 

!— 429® 

* 


Benzm 1 bora vl amine 

.... — 2I.8®| 

.... 

— 


SouclurdAt, X^ifoot Asn ^un pbys , [6], p, 529 
Bottclwrdat Xi«font Conpt rend , 113, 553 
Armstrocg Bope J Chem Soc,sp.3i5 
^ Eeuckmrt Bftch Ber d chem C«s,ap, 104 
J Cbera Soc 73, jSr 75, 934 1149. 
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Numerical values for other compounds are also given. 

^-Fbnchyi, Amin^, CioH^NHg. From /-fenchone. Right- 
rotating 

Derivatives : Benzylidefie Compound^ C^oHj^N : CHCgHg. 
Crystals ; melting-point, 42®. 

Methyl alcohol.* • • / — 2 63, d>^ = 0.796, Car]g = — 62 i® ^ 

/-F:aNCHYr Amine. From rf-fenchone oxime. Liquid ; 
boiling-point, 195°. == 0.9095, 

Alcohol - • • • == 14 93, =0 816, [a]^ = — 24.63® “ 

Without solvent d^*^ = o 920, = — 24. 89® ® 

Derivatives-, Formyl Compound^ Ci^Hi^NH.COH. Crystals; 
melting-point, 114°, Shows birotation which disappears in 
twelve hours. 

Chloroform . . ^ = 3.99, d>^ = 1.466, [or]” “ — 36 95® 

“ ../=3 78 , ^^=1485, MJ=-“ 36 .i 7 ®'^ 

Acetyl Compound, CioHj.NH.COCH,,. Crystals ; melting- 
point, 93 "" to 94° 

Chloroform / — 4 59> ^2?'* = 1.475, [o:]3^ = — 46.62° « 

Propionyl Compound^ CioHi^NH.COCjHg. Crystals ; melting- 
point, 123° 

Chloroform / = 5 o» 1.463, 1 ^ 1 % = — 53 16® ) ^ 

“ .. ,./=394, ifio = i 466, [or]*« — — 52 66®) 

Butyryl Compound, CioHj.NH.COCaH^. Crystals, melting- 
point, 77 5° 

Chloroform / -= i 8o, d' ~ \ 489, [«]i, = — S3 oS®) " 

“ /i> = X 793 . " -=1488, “ — — 53 -I 4 '’J 

Bensylidene Compound, CjoH,jN CHC5H5 Crystals , melt- 
ing-point, 42®. 

Chloroform. . /= 5 - 77 . «?“ = 1 453 . [«]i, = + 73 -a 3 ° I ’ 

“ /=5 7 i, “ = 1 455 . “ =■+7305“) 

1 Wallach Ann Chem (Z,iebig), 37a, 106 

~ Wallach , Ibid , 363, 143 

* Wallach, Binz , Ibtd , 376, 318 

^ Wallach, Binz , Ibtd , 376, 318 

Binz . Ztschr phys. Chem , 13, 726 

« Binz . Loc ci£ 

’ Bmz 





O'- Oxybenzylidene Compound^ CioHj-N *01105114011 Orystalf 
melting-point, 94°. 

Chloroform / = 4 97» 47I1 = + 66 59° ) * 

“ = 2 49, flr> = I 486, [or]^ = 4- 65 99M 

p- Oxybenzylidene Compound, Ojt^Hj.N OH.OgH^OH. Orys 
tals ; melting-point, 175®. Shows birotation which disappear 
in eighteen hours 

Chloroform.-.. / = i 28, d^^ =- 1.4905* [«]“ == -f 72 00® ^ 

o-Methoxybenzylidene Compound, 0 ,oH,-N * OH.CeH4.OOH, 
Crystals; melting-point, 56°. 

Chloroform .... / = 5.56, d~ = 1.4605, [or]®^ = 4-58 98® ) ' 

“ .... ^^ = 5.09, tf^« = i46o, [0:]*°=- 4- 59 42°) 

p-Methoxybenzylide 7 ie Compound, C,„H j.N : OH . C6H4. OCH^ 
Oiy'stals ; melting-point, 54® to 55°. 

Chloroform 4 97, “ = r.4585, [or]” = 4“ 78.io°y 

» . .;» = 4 89, ^^^=1468, Ml, = + 7801®) 

Ammoterebefithene Hydrochloride, CjoHj^NHg.HCl. 

[or];) = — 48 50S® - 

4. Ketones 

^-Camphor. Ordinary camphor, Japan or laurel camphor, 
CitjH^pp. Melting-point, 178.6® boiling-point, 204^,^209 1° 
1' corr. at 759 mm. ) ? Camphor is active in the fused condition , 
in solution, and in vapor (see I9J but not in crystalline form 

Landolt® investigated the rotator3" powder of camphor in dif- 
ferent solvents (see §53). The specific rotation of the pure 
camphor calculated from the values obtained was found to be, 
in the mean, [or]^ = + 55*4°. The following table exhibits 
the effect of different solvents and the mean value just given 
is the basis of the calculation. The data refer to ^ = 20° and 
^ = 40 to 90. 

^ Binz 

- Pesci Gazz chixn ital , i8, 219 , Ber d chexn Ges , 22, Ref loS 

- Haller Compt rend , 105, 229 

* I<andolt 

» Forster Ber d. cbem Ges , 23, 29S1 

^ Ann Chem (I^icbig), 189, 333 
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Solvent 


[a]/>for 
jr s» 80. 

1 

Benzene 

55 40 — 0 1664 q 

-h 42-3 

Ethyl alcohol 

55.40 — 0.1780 q -yo 00037 (7* 

43 5 

Diniethylaniline 

55 40 ~ 0 1428 q 

44.0 

Acetic acid 

55 40 - 0,1360 q 

44 5 

Methyl alcohol 

55 40 — 0.1630 q 0.00066 

466 

Moiiochloracetic ether. . . 

55 40 — ' 0 0620 q 

504 

Acetic ether 

55.40 — 0,0480 q 

51 6 


We have also the following additional observations * 


Kthyl alcohol ... . = 7 to 50, i? = 20®, [a:]/? = 41.982 + 0.11824 c ^ 

“ “ / = 20, / = 20°, = o 8255, [a]/) = + 44 22° ® 

“ “ r/ == 50 to 95, =r 22.9®, [«]/) = 51 945 — oo964$^8 

Alcohol of 8a vol percent, ^=2 6 10 

My >=40 9 39*25 3^.65 
Chloroform ^ = 5 » [<'T^]/> = 44-2 

Acetic ether. ^ = 48 to 90, t — 20°, [a]/) := 

56 543 ” o 09065 q I o 0004005 f ® 

Benzene • q to 90, / = 20®, — 

55*99» ^ o 1847 ^ + o 00026902 q^ ® 

75 per cent acetic ethei ~\- 25 per cent ben/,ene 

p == 20, = O 8907, / = 20°, -f- 50 12° 

50 5 per cent acetic ethei |- 49 5 pex cent benzene 

y!» ^ 20 3, - o 9016, / -= 20"-, I 48.1° 

25 7 per cent, acetic ethei H 74 3 per cent benzene 

/« -- 20, z/-“ = 08979, / — 20°, [a'}/}-= 1-45.89°*^ 

Benzene., dr -- 5 to 40, i — 20° [tr]/,— 39 755 -|- o 17254 

On the quantitative determination of camphor in solutions 
from the angle of rotation observed, see §184. 

The specific rotation of ben/-ene camphor solutions increases 
with the temperature, but the values bear no simple relations 
to each other. Forster'* found 

I I^andolt Bcr d cheni Ges, 21,191 
> HecVinann Ann Cliem. (X^iebij?), 350, 3S2 
•» Arndtsen , Ann, chim phys , [3], 54 » 418 
^ Hehse Ann Cliem. (Lielng), 176, 119 
'■» Kinibach , Ztschr phys Chem . 9, 698 
0 Kimbach . /^oc, at 
7 Forster , Her d cliem Ges,, 23, 2981 
^ Loi t it 

41 
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Temperature 12° 14'’ 16'-’ iS' ao'’ 22*^ 24'' 26" 

[a:]z) for ^:= 9.997 3976 4020 40.64 41 04 4145 41.86 42.23 42.59 

Difference o 44 0.44 o 40 o 41 0.41 o 37 0.36 

[orjzjfor ~ 19 988 42 54 1 42 88 1 43.22 I 43 56 | 43 ^5 

Difference 0.34 o 34 o 34 0.29 

On solutions of camphor in isovaleric acid and caproic acid, 
see §56 

Arndtsen^ studied the specific rotation of alcoholic camphor 
solutions with different lights and concentrations and found : 
If =: 22 9®, ^ =: 50® to 95® 


Spectrum hue 



£ 

F 

e- 


[«] 

38.549 — o 0852 q 
51 945 — o 0964 q 

74.331 — o 1343 Q 
79.348 — o 1451 q 

99.601 — o 1912 q 
149.696 — o 2346 q 


TransforDtahon Produces of d- Camphor, 
yCH.CH, 

MKTHvnCAMPHOR, CgHj^ I Crystals ; melting- 

^CO 

point, 37° to 38°. 

Alcohol 16.6, [( x]d H- 270.65® ^ 

MONOCHnORCAMPHOR, Cj^HigClO. 

a-Compound, Prismatic crystals ; melting-point, 92® to 
92.5° ; boiling-point, 244° to 247®. 


Alcohol \_a\j = -j- 90®, ([orJ/j — H- 72° * 

Alcohol [or]/) 4- 95 8® from 5 per cent solution.'’ 


See the same paper for other camphor derivatives. 

1 Aim chiin phys , [3], 54, 418 
a Mmgfuin . Compt. rend,, ria, 1371 
a Cazeneuve Idtd ^ P4, 1530 
* lyowry * J Chem Soc , 73, 569 
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D€ 7 -ivaHv€S : Barium Stdphonaie, (CioH^^OCl S03)aBa + 
5V2 HgO. Crystals. ' 

Water ^=2 081, [«]« = + 46.8® 

Sodium Sulphonate, CioHj^OClSOgNa + sHjO. Crystals. 
Water 2.010, Icx]^^ ^ + 64® 

Sulphochloride^ CinHj^OClSOgCl Crystals , melting-point, 
123° to 124*^. 

Chloroform . .» ^=4, = + no 5° 

Sulpho 7 iamidey CioHjjOClSOgNHg. Crystals ; melting-point, 
149.5° to 150.5°- 

Alcohol r = 5,066, [a] ^ 5 = 4 " 90 16® ^ 

fi-Monochlorca^uphor. Crystals; melting-point, 100°, boil- 
ing-point, 230° to 237°. 

M/=-| 57 °, (M/J = + 45 - 6 °) ^ 
y~Mo 7 io''hlorcamphor, Crystals; melting-point, 124° to 

125° ; boiling-point, 220°, 

[tt]/, = + 40® * 

DiCHnORCAMPHOR, C,„H,^C1.,0. 

oi’Covipound , Orthorhombic prisms, melting-point, 96°. 
Alcohol or chloroform, [a] ^ -f- 57 30, ([a]/, ~ + 45 8®) 

ft-Compomid Mass of crystals , melting-point, 77°. 

Chloioform [tv] ^ = 4- 60 6®, ([or]/, ^4-48 5®)! * 

Alcohol “ .^ + 5740, ( “ ---|- 45 9 °)J 

TRicunoRCAMPHOR, Crystals ; melting-point, 

54° 

Alcohol ... 4 57 , W / -- + 64°, ( [«]/> - - 4 - 5i 2® )® 

Monobromcamphor, C^jHigBrO 
a-Compound, Monoclinic prisms , melting-point, 76°. 

Alcohol [a]/j = -|- 139 o® ” 

“ “ — + [32 0° ^ 

“ . . “ :=: 4 -I 27 7 °« 

I Kipping, Pope J, Chein Soc , 63, *593 
Ca/.eneiive • Coiupt. rend., 94, 1530, 

J Caaeneuve • Jbuly io 9 , 229 
< Ca^eiieuve Bull soc chim., [21,37,454,38,8 
* Cazeneuve Compl, rend , 99, 609 
Montgolfier Ann. chun phys , [5I, 14, 110 
7 Marsh, Cousins , J Cliem Soc , 39, 969 
Haller, Coinpt rdnd , 104, 66 



Derivatives’. Sulphonic Acid, C,oH„Br6SO,H. Crystals, 
melting-point, 195° to 196°. 

Water c—i 577 , C«]^ = + 88 27“ 

Potassium Sulphonate, CjoH^BrOSOjK-t- I'/iHjO. Crystals. 

Water = 4 921. = -f 71 44° (hydrated) 

“ — -4- 76 96® (anhydrous) 

Sodium Suiphonate, C,„H.*BrOSO,Na + sH^O. Crystals. 

Water e = 4 130. [«]?, = + 63 1° (hydrated) ) ' 

“ = + 80 2° (anhydrous) ) 

Water c=: 4 30$ taiihydrous)» + 88 53® ^ 

Ammoniun Suiphonate, C,„H„BrOSO„NH, Crystals 

Water e = 4 600, [a]^, — + 84 78“ ^ 

“ <;=4 57o. [«]3== + *7'‘* 

BariumSulphonate, (C„H»BrOSO,),Ba -f sV^H.O. Crystals. 

Water = 5.893, [a:]J, = -f 64 23= (hydrated) ) ” 

“ 4- 72 5° (anhydrous) ) 

Magnesium Suiphonate, (Ci„H,iBrOSOj)jMg Crystals 
Water 758, [a]‘i! = + 27 9° ' 

Sulphochloride, C.„HyBrOSOsCl Crystals; nielting-pomt, 

136“ to 137“ 

Chloroform. . . f = 5 487. [«1 )) = ^ '31°" 

Sulphonamtde, C,„H„BrOSO,NH,. Crystals , melting-point, 
i45‘’- 

Alcohol c = 4 596. C«]u — + 1124®’ 

P-Monohromcamphor White powder , melting-point, 61°; 
boiling-point, 130° (10 mni.) 

Alcohol c =- 8.497, [£r]/j = + 29 4® * 

Derivatives Sodium Suiphonate, C,„H|,BrOSOjNa -f- aHjO. 
Water <r = 3 422 (anhydrous), [a]))-- I- 12.2® 

> Kippiug, Pope J. Clieni Soc , «3, 586 
2 Marsh, Cousins : Ij>c cU 
a Kipping, Pope 
^ Marsh, Cousins 

® Marsh, Cousins, J Cheni Soc ,57, SaS 
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Ammontum Sulpko7tate^ CjoHj^BrOSOgNH^. 

Water — + 82^ ^ 

y-Mo 7 iobromcampkor. Crystals ; melting-point, 144° to 145®. 
Alcohol c=^ 5,5, [of]z? = + 40® ^ 

Monoiodocamphor, C10H15IO, Prisms ; melting-point, 43® 
to 44°. 

[or]/) = -{- 160 42® ® 

CnnORBROMCAMPHOR, CioHj^ClBrO. 

a-Co77ipound Prisms, melting-point, g8°. 

Chloroform [a'Jj = + 78®, ([«]/) = + 62.4®)* 

fi-Cornpotmd. Crystals ; melting-point, 51.5®. 

+ ([«]/)=: + 40.8®)^ 

For determinations on the halogen derivatives of camphor, 
see Marsh and Gardner ® 


Nitrocamphor, Ci„H,5FO.p 

u-Compotmd Monocliuic prisms ; melting-point, 100® to 
101°. 


Alcohol. p- 3 33, — 7 5 , = 


Benzene . / — 05, 

Chloroform / = o 676, 

“ P= 5206, 

“ / = 19978, 


“ ---=—140, 



6.0® ^ 
112 6 
112 6 ^ 

965 

788 


For a lengthy study of nitrocaniphor and derivatives, see 
Lowry ** 


Dei'tvaiives Sodium Compound^ NaCjoHi^NOgO 

Water . [or]^ — + 289, ([cr]/, = + 232 5®) 

Ztnc Compoiiud, ZnCCjpHj^NOjjOlaH^O 

Alcohol.. . [a'jj — 4- 275®, == + 221 2®) 

Quinine Compound, C^oH2^NjOjj(CioHi4NOjjO)2H20. 

Alcohol . . ^ == 2 72, [«]y = 4 45 9 ®, ( + 3 ^ 9 ®)* 

1 Marsh, Cousins J Chem Soc , 59, 976 

2 Cazetieuve Compt rend 109, 439 
» Halle Dissertation, Naiicy^, 1879 

4 Cazeneuve Bull soc chim , [2], 44, 116, 
fi Cazeneuve Ibid , [2], 44, 120 
<1 Chem News, 74, 279 

* Cazeneuve • Compt rend , 103, 275 , 104, 1522 
8 J Chem Soc , 73, 986 and 75, 216 
® Cazeneuve Bull soc chim , 49, *92 
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§-Conipomd, Microscopic plates ; melting-point, 83^ to 84°. 

Alcohol = 3 33 i [dlj == -r 7 * 5 , == 4 - 6.0®))! 

Benzene / — 3 33 . “ = - 75 » ( “ = — 60.3®)/ 

/t-Chlornitrocasiphor, CioHi^NOjOCl. Prismatic needles ; 
melting-point, 95°. 

Alcohol la]j = — 6.3®, (Icx'Jd — •— 5 °)* 

Bromnitrocamphor, CiaHj^NOjOBr. Prisms , melting- 
X)oint, 104® to 105®. 

Alcohol c= It lct]j = — 27®, ([a]/) = — 21 7®)* 

Camphonitrophenoi,, C,oH„NOmOH. Crystals; melting- 
point, 220°, with decomposition. 

Alcohol c = i St [o:]i? = -{- 10® ^ 

Acetyl DenvativCt Cj^Hj^NOaO CjHjO. Crystals . melting- 
point, 1 15®, with decomposition. 

Alcohol r = 2, [ar]z) = -j- 4 25° ® 

Nitrosocamphor, C,oHi 5(NO)0. Crystals ; melting-point, 
about 180°, with decomposition. 

Benzene c~ o.Si, [< 3 :]zj = 4- 195® c 

CAMPHORSUEPHOCHroRiDE, CioHj-OSOaCl. Tetrahedra ; 
melting-point, 137.5°. 

Chloroform £• = 5.349, t — 14®, [a]/) = + 128 7® 

Camphorsuephonamide, CjoHj^OSOaNH^. Crystals , melt- 
ing-point, 136° to 137°. 

Alcohol ^ = 2 252, t = 13®, [ar]zj == -f 93 6® 

Cyancamphor, CioHjjOClT. Crystals, melting-point, 127° 
to 128°. 

Toluene [crjz) = + 44 68® ® 

“ • ••• “== + 344 °® 

^ Cazeneuve Ball soc chini., 47, 922 , Compt rend., 104, 1522 
- CazeneuTe Compt rend , pd, 5S9 
3 Cazeneuve . Bull. soc. chim , 4a, 69 

* Cazeneore • Compt rend., 108, 302. 

3 Cazeneure Loc, at 

« Cazeneuve Compt rend., 108, 857 
■ Kipping. Pope : J. Chem. Soc , 6 j, 564 

* Haller Dissertation, Nancy 2S79 

* Haller Compt rend , J15, 98 • 



DerivoMves ' Methyl Cotnpowid, C,|,Hj40CN.CH3. Oiljboil- 
iug-point, 170° to 180° (36 mm.). 

Toluene « = + 9 5 Sf ' 

Haller and Minguin* have recently isolated two isomeric 
cyanmethylcamphors with the following characteristics : 

fi-Compmmd. Melting-point, 63° ; [nr]y, = -f 150.8®. 

tt-Compound. Oil, from which crystals with melting-point 
38® to 45° separate. [a]a = + 90.i®. 

Ethyl Compound, CioH^OCN.CjHj. Oil ; boiling-point, 163® 
to 165® (21 mm.). 

Toluene ^ = 1025, [«]n == -|- 120.71° 

Propyl Compound, C,jH]^OCN.C3H,. Crystals ; melting- 

point, 46° , boiling-point, 140® to 150® (20 mm.). 

Toluene 10.95, [«]/> = -j- 126.16° 

Benzyl Compoxmd, C,oH,,OCN.C,H,. Crystals, melting- 

point, 58® to 59°. 

Toluene.. . c= 13 . 35 . [a]n = -f- 93-62 
o-Nttrobenzyl Compound, C„H„OCN C,H,N03. Needles; 
melting-point, 104® to 105®. 

Toluene c=iS.6, [a]« = -t- 68.37°' 

Camphor Pinacone, CjjHjjOj Melting-point, 157® to 158 . 

Benzene /> = 23. d'^ = ° 9089. [«]“ = — 27 03 ® )“ 

<• ;>==!! 62, <‘ = 0.8949, “= — 2613°) 

Dcrivatwes : Chlor Pinaconun, CjjHjjCl. Melting-point, 7 5 - 

Benzene = 25 47, == 0.9105, [«]!,“= -f <* 4.17 )* 

•< / = 74,08, “=0.9436, “ = + 46.50 ) 

a-Methyl Ether, CAO-^CH,. Melting-point, 47“- 

Benzene ^ = 14 15, = o 8898, [«]g = Z^'0^0 i* 

“ ;> = 56.26, “ = 0.9123, “ = — 81.80 I 

^-Methyl Ether, C„H..O,CH,. Melting-point, 67°. 

Benzene j) = 21 70, — 0.8935, [*]”— 133.5° 

I Haller Corapt rend ,113, 55 ° 
s Compt rend , iiS, 690 
-« J^ckmann Ann. Chem. (X^iebig), apa, i. 

4 Beckmann, p. 7 * 

& Beckmann, p. xz. 



Camphoroxime, CjyiijgiNOH Monosymmetnc prisms ; 
melting-point, 115®. 

Alcohol /~2o. <5/"’ = 0835, — 42 40® 

“ p= S. 3 , “==0812, “= — 41.38° 

Hydrochloride^ CjftHjgiNOH.HCl Crystals, melting-point, 
162°, with decomposition 

Alcohol / ~ S 3, —o S1S5, i(xy° = — 43 98° ^ 

d-Campkorstdphonatt\ C,„H,gX.OH CioH,.O.SOgH + H^O. 
Long needles. 

Alcohol = 1.750S, [ar]« = -f 4.3® - 

See Forster on the esters of camphoroxime 

CA 3 iPHORDiCHroRiDE, C,„H,gClj Needles , melting-point, 
loS"" to 155-5'' 

Acetic ether == 22 34, \oc]d = — 16° * 

Cheoralca^mphor, Ck,Hj,O.CC 1 ,CHO 
[^]^> - 143" 

CHLORALHyDRATE Camphor, CCI,CH 0 H ,0 Thick 

liquid 

//=! 2512, [q]/» 33 45*' 

Chloraeaecohoeate CA 3 IPHOR, C,,Hj ,0 CCl^CHO 
C,H.OH 

d=^ 1 1777. = -i- 369°*^ 

Benzvecamphor Bro 3UDE, Ci-H»jBrO. Melting-point, 82° 

[a]o =-37 7«' 

Bexzylcamphor Dibromide, C„H,,Br ,0 Melting-point, 
92^ 

[ar]/i = — 61® - 

Monocamphor Phenol, QH. 0 .C,„H „0 Liquid . at - 23“, 
crj’stals 

= I 0205, 20® « 

* Beckraan-i \rin Chem CUebsgj J»so, 352 
2 Pope J Chem Sex:, 75, ^ic- 

' J CheiK Soc 71, IC30 

* Spitze- Ber d chem Ge> 11, i&is, 

- Paschki- Oheniiayer Pharm Post , 3i, 741 
Zeidler Wiea \kad Ber 2 AUh , 76, 253 

* Ilalle- Minsimn Bull soc chim [3], 15, 955 
' Haller Mxngirn 

' Co-apt rend , iii, log 
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Hemicamphor Phenoe, 2 CjH, 0 .C,„Hi, 0. Liquid ; at — 50®, 
crystals 

rf“ =- 1.040, [ar]z)=: + lo.i® ' 

Monocamphor Resorcin, CjHjOj. C,oH„ 0. Crystals ; melt- 
ing-point, 29°. 

Alcohol c = 25.1, [a]/) = + 22 1° ' 

Dicamphor Resorcin, CbH80j.2Cj„H„ 0. Sirup; at 0°, 
crystals 

= I 0366, [flr]o = -f 35 15° * 

«-Naphthoecamphor, CinHjO Ci^HijO Sirup ; at — 16°, 
crystals 

rf“ ; I 0327, [a]/) = H- 10.1° ’ 


/3-Naphthoecamphor, 3Ci„Ha0.5Cj„H„0. Liquid 

rf" I 0396, [a]/) = -|- 22 1® ' 

Saeicylic Acid Camphor, C,H„Os 2C,„H,„0 Crystals ; 
melting-pomt, 60°. 

Alcohol f 20 8, [a]/) - -|- 27.05® ' 

Camphanic Acid, C,„H„0, 

[<>•]/ -7.i5‘’'‘ 

Camphinic Acid, C„H,^C 00 H Tough mass 
[a]/> - -i 15 75° ' 

Cawpiioeic Acid, C,H„C 00 H Melting-point, 105° 

[a] , 49° 8' ‘ 

Isocampholic Acid Etiiye Ester, C„H,,COOCjHj Boil- 
ing-point, 228° to 229°. 

rf" 09477, [«]/> - 4-215®“ 

Camphocarboxyeic Acid, Ci„H,„ 0 „. Melting-point, 128 7°. 

M/. I 66.75““ 

' E^sei 

A&clian Act hoc scieiit^ fennice, 21, Ni p i 
fl Montgolfier • Ann chmi pliys., [5], 14, 70 
^ Montgolfiei Aor n/ 

B Gaerbet’ Bull soc. chim., [3], 13, 769* 

B Haller Conxpt rend , 105, 329 
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Derivatives \ Methyl Ester, C,iH,.OjCH^. Boiling-point, 155° 
to 160° (15 mm.;. 

Alcohol r 21, [ir]z» ~ -f 61 9° ' 

Methylcampkocarhoxylic Acid Methyl Ester, CigH^.OjCHg* 
Melting-point, 85°. 

Alcohol. .... [ar]i» = — 17.25°® 

Ethyl Ester, C^Hj-OsCgH-. Melting-point, 60® to 61®. 
Alcohol r = II 9, [Q:]i) “ 4- 13.8® ® 

OXYCAMPHOCARBOXYLIC AciD, C.HwCOOH.CH^COOH. 
Melting-point, 234°. 

Derivatives i Methyl Co^npotnid, C^Hj^COOH CH(CH,). 
COOH. Melting-point, 175°. 

[ar]z) = ^ 2631°® 

Monethyl Ester, C.H,,COOCgH, CHgCOOH. Liquid; boil- 
mg-point, 228® to 230® 

-- - 51 1® * 

Diethyl Ester, C.HuCOOCjHs.CHjCOOC.H^. Liquid; boil- 
ing-point, 220° to 230® (i6omm. ). 

Alcohol r = 27 o, la]j) = — 49 6 to + 50 6° ’* 

Monobenzyl Ester, C,Hi,COOC,H,.CH,COOH. Oil , boiling- 
point, 250® to 275® at 10 mm 

Alcohol r = 7.6, [ar]p = — 52 62° ® 

Dibenzyl Ester, aHi,COOaH..CHgCOOCH,. Thickhquid , 
boiling-point, 260® to 269® at 10 mm. 

Alcohol c = 9.S5, [a]z? = — 35 5° ‘ 

Mononitrile (^Cyancampholic Acid), CgHi^COOH.CHgCN. 
Crystals ; melting-point, 164®, 

Alcohol c— 19.5, [cr]^ === J- 64.61° ® 

^ Mingmn Compt rend , iia* 1369 

* Mmgtun 

* Haller and Hingmn Compt. rend , j iS, £91 

* Haller, Minguin Compt rend , 110, 420 

* Haller, Minguin. 

* Mingnin: Compt xend, tin, 1454- 
' Mingnin 

* Mingnin : CompL rend , lu, 51 
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Monmitrile, Ethyl Ester, C«Hx*COOCjH..CN. Rhombic 
cr>’stals ; melting-point, 57® to 58^. ^ ^ 

Alcohol ^ = 22 3. = + 57*7 

Monoiiiirile^ Benzyl Ester ^ QHuCOOC^H^.CN. Cry , 
melting-point, 70® to 71®. 

Toluene ^ 28 5, [cr]z3 = + 42 8® ‘ 

Monomirile^ Phenyl Ester ^ C„Hi*COOCeH5.CN. Boiling 
point, 267° to 270° at 40 mm. 

Alcohol 27.1, Mi? = + ^ 

Mononitrile, (i-Naphikyl Ester, C«H„COOC,„H,.CN. Crystals; 
melting-point, 117°. 

Toluene c = 32. i» == + 

Monamtde, C,H,,COOH.CH,CONH,, Melting-point, 205^ 
to 206 . ^=9.18, [a]/) = + 63 5® 

^jf-CAMPHORic Acid, CioHigO^. Formed by tlie oxidation of 
ordinary camphor by nitric acid. Monoclinic crystals. e 
statements concerning the melting-point vary between 170 
and 188° Thus, 188® (Friedel);^ 187°, corr. (Riban).® 

Hartmann' has made many observations, the results of which 


follow 


Solvent 1 

for / = 20° 


[a:]/) for 

Abs alcohol • • • 

47 178 + 001174^ 

48 352 — 0.01 174 

^ = 17 to 43 
^ 57 to 83 

1 

j 

[- + 47 35 

Acetone . - . . | 

50 689 + 0.00835 /f 

51 524 — 0.00835’ 

^ == 8 to X5 5 
q = 84.5 to 92 

il 

j- -f 50 81 

Glac. acetic acid| 

45 921 4- 0.04904 > 

50 825 -- 0.04904 q 

1 

pzr=z 6 to 16 
^ = 84 to 94 

1 

1 

j- + 4666 


Derivatives - Salts. Hartmann made the following deter- 
minations with aqueous solutions at t = 20°. The values 
for refer to the anhydrous salts : 


1 Haller* Compt rendl, lopi 68 
' Mingum : Idtd , iia, 51 
s Mingum /did., iia, loi 
* Mingmn /dtd^ iia, 103 
^ Compt rend , 108, 984. 

« I 67 d.f $0, 1381. 

T Ber d, diem Ges , 3 i, 233 
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Salt 

[«])? 


[«]/) for 

p — IQ 

IVI2C10HX4O4 • • • 1 

17 - 7 SO -f o- 23257 .^ 
41 007 — 0.23257 q 

p 

9 

= 13 to 25 
= 75 to 87 

1* + 2O.OS 

Naj “ 

14.778 + 0 21288;^ 

p 

=. 1 1 to 37 

-f 16 91 

36 066 — 0.2128S q 

q 

= 63 to 89 

IT “ ^ 

13081 +0.13994/ 

p 

= 19 to 43 

- + 14 48 

Ki ^ 

27 075 — 0 13994 q 

q 

= 57 to 81 

(NH,)," . ..{ 

16 447 + 0 T4242 p 
30.689 — 0 14242 q 

p 

9 

II to 37 
~ 63 to 89 

■ + 17-87 

Mg “ ...-I 

17 S24 + 0 18779/ 
36 653 — 0 18779 q 

p 

9 

= 8 to 16 
= 84 to 92 

- -f 19 70 

Ca “ .-..I 

16 457 + 0 12286 / 
28 733 — 0 12286 q 

p 

9 

= 3to 6 
= 94 to 97 

• 4- 17.69 

Ba “ ....-j 

10908 + 0.12980/ 

p 

= 18 to 36 

1 -f 12 21 

23 888 — 0 12980 q 

9 

= 64 to 82 


Observations by Thomsen^ agree very well with tbjsse data. 
He determined the specific rotation of sodium camphorate 
also, and the effect of addition of excess of sodium hydroxide 
solution 

Ivandolt" gives the following figures * 

Watei . , t = 20°, CioHj^OtKj r =* 4 to 16, [ar]/> = 14 39 + o 06 ^ 

“ , . ^ = 20, “ Na^ c = 2to 9, “ = 16.62 + 0.06 £• 

“ ... i = 20, “ (NH,)j c = 4 toi 7 , “=i 698 + 0 I3C 

Esters. On the nomenclature of the camphoric acid esters, 
see Bruhl and Braunschweig.” 

al-Methyl Ester, CsHu.COOH.COOCH,. Melting-point, 85“ 
to 86° ; boiling-point, 193° (15 mm.). 

[(x\d = •+ 43 - 55 ° * 

0-Methyl Ester, C^H,, GOOCH, COOH. Melting-point, 75° 
to 76° ; boiling-point, 199° (15 mm.) 

[a]/i -f 51 52° ’ 

Dimethyl Ester, C„Hj, GOOCH, GOOCH, Boiling-point, 
264° (738 mm.) ; 149.5 nmi.). 

= I 0747, [a]” = -f 48 16° “ 

1 J prakt Cheni , [2], 35, 157. 

2 “Optisches Drehuiigsvermbgen,’* ist ed , p 225 
** Ber d chem Ges , 25, 1796 

* Haller Coiiipt rend , 114., 1516 
“ Haller Loc nt 
^ Bnihl Lol, cit 
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= I 075. [« 3 X = + 48 32“ ‘ 

[«]/,= + 44.4® » 

al-Ethyl Ester, CgH„.COOH COOC,H,. Melting-point, 57“ , 
boiling-point, 207® to 208° (21 mm.), 

rf® = 1 1004, [or]/) =: -1- 23.9° ■* 

0-Ethyl Ester, C^^,.Q.OOC^.,QOQi¥l. Boiling-point, 216° 
to 219° (30 mm ). 

= 1 1133. ld]D — + 39 > 8 ® * 

al-Methyl-o-ethyl Ester, C,H„. COOCH,. COOC.H,. Boiling- 
point, 277° (746 mm.) ; 169.5® (33 mm.). 

“ = 1 0528, [«]«•=> = -j- 38 43® ’ 

o-Methylral-ethyl EsUr, CjH^.COOCjH, COOCH,. Boiling- 
point, 278° (747 mm.) ; 175® (38 mm.) 

rff=iQ448, Mg'® = -i- 45 - 49 ° ^ 

Diethyl Ester, C^Hj^ COOC^Hj.COOCjHj. Boiling-point, 
285® to 286® (750 mm.) ; 155® (12 to 14 mm ) 

^«e = I 0301, [a]g« = -1- 36 30* ^ 

= 1 049s, [a]/) = -i- 37 7® ■ 

Phenylhydramde, CjH„(COO)j N.NHC^Hj Melting-point, 
119°. 

L“]o — 16 41° '• 

Compound Cj^H„ 0 , From o-methyl ester and phenyl 
cyanate. Melting-point, 78® to 79® 

[a]z, = -f 49 33° " 

Compound' C^jHjjOj From a/-methyl ester and phenyl 
cyanate Melting-point, 62® 

{ a]D = -I- Sr 45° ® 

Camphoric Anhydride, Melting-point, 217®. Ac- 

i Walker J Chem boc , 6i, 1091 
- Haller Loc cii 
8 Fnedel Compt rend , 11 3 , 829 
^ Friedel Loc cit 

6 Bnthl Ber d chem Ges , 35, 1799 
fi Bruhl Loc ctt 

7 Fnedel Compt rend , 113, 829 

8 Haller Ihid ^ 114, 1516 
8 Haller Ibid ^ 115, 19 
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CONSTANTS OF ROTATION OF ACTIVE BODIES 


cording to Haitmaiin,' it is inactive in benzene or chloroform 
solution. Other authors have observed left rotation. 

Benzene / = o 7705, [a]/) = — 7 12® - 

Benzene [or]/) = — 3 7° * 

Benzene la]j = — 3 68®) * 

Chloroform “ = 0.0® j 

Amide, Melting-point, 241° to 242®. 

Chloroform [or] 2) = — 106®^ 

Chloride, CjoHj^OgClj Liquid ; boiling-point, 140° (15 mm.). 

[a]D = — 3 oto — 3 6® ) '* 

Benzene “ = — 7 i to — 83®) 

(x-Aminic Aad, CgH^j(C0NH2)C00H Melting-point, 176® 
to 177° 

Alcohol = + 45 ® 

(i’AmintcAdd^ C,,Hi4(CONH3)COOH. Melting-point, 180® 
to iSi°. 

Alcohol [or]/) = + 60® 

Nitrilu Add, Cyanolaii 7 ‘onic Add, C^H,^(CN)C 00 H, Melt- 
ing-point, isi"" to 152^. 

[or]i) = 67 5® 6 

Bi'^omcaniphoric Anhydride, 

Chloroform = — 21 i® 

Chlorcaniphoric Aiihydnde, 

[a]^ = — 16 3 ” * 

CamphoUde, CuHjjOj. Melting-point, 210“ to 212° 

la]/, = -f 5 61“ ’ 

IsocAMPHORic Acid. C„H„ 0 ^. Melting-pomt, 170° ; boil- 


ing-point, 294®. 

Alcohol la]/} = — 48 09 ’ 

Alcohol [^]/> = — 46® ® 

Alcohol [a:] , = — 48.3® » 

1 Ber d chem Ges., 31, 223 


2 Montgolfier Ann chim. phys , [5], 14, S6 
’ Marsh Chem. News, 6o* 307. 

* Aschan Act soc scient fennice, ai, Nr 5, p i 

5 Guareschi Centralbl , 1887, p 1355 

6 Hoogewcrff, Dorp Rec. trav chim Pays-Bas , 14, 252 
' Halter Bull soc. chim , [3], 15, 984. 

s Fnedel * Compt rend., 108, 980 
^ Aschan Loc ctt 
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Derivatives o-Eihyl Ester, CjHj* Melting-point, 

195° to 197° (18 mm ). 

d == 1.1159, [«]/^ = 49-51*" ’ 

Boiling-point, 165° (25 to 

28 mm ). 

d ^ 1.0473, loiliif = — 48 53® - 

Choi^ecamphoric Acid (Choloidanic acid), From 

cholic acid by action of nitnc acid. Cr3stals, which turn 
brown at 270° without melting 

Absolute alcohol = 6 42, [cr]5®== — 56 17® 

Glacial acetic acid r=i44, ‘‘=4. 57.83® 

The Specific rotation m alcoholic solution is independent of 
the concentration.*^ 

Camphoronic Acid, CeHuCCOOH), Melting-point, 15S® 
to 159°. 

Water / = 10, [ar]j9S = ~ 26 9°, ([«]},’ s = — 23,91® i* 

Campholytic Acid, C^Hj^COOH Oil ; boiling-point, 240® 
to 242°. 

d^s ^ 1 017, — 5® > 

Derivatives . Ethyl Ester Oil , boiling-point, 212® to 213®. 
d^sz^zo 962, [ay^ = -f 5 04® 

Camphothetic Acid, C,„Hjg(COOH)^. 

Derivatives. Diethyl Ester Liquid , boiling-point, 135® to 
140° (15 mm.) 

1 019, [a]jy = -f 30 6® • 

Dihydroxycyancampholytic Acid, C^Hj^COOH CN. 
Melting-point, 109 to iii® 

Alcohol [or]/) = -r 18 20® " 

Dicamphor Melting-point, 165® to 166® 

Benzene / — 5i — 2S.07® 

Alcohol ^ = 25°, [«]“ = — 4 05® 

1 Pnedel Compt rend , 113, 831 
s Fnedel 

3 natschmoff Ber d chem Gcs , 13, 1052 
* Ossian, Aschau Idid , 28, x6 
3 Walker J. Chem Soc , 63, 499 
3 Walker Loc. cit , 498 

7 Walker . J Chem Soc , 63, 5®4 

8 Hoogewerff, Dorp Rec trav. chim Pays -Bas , 14, 252 
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Dicafnphaiidthydropyndazine \ Melting-point, 155° to 156°. 

Benzene — 5. = -f 118 13® 

Dica 7 nphanhexa 7 idio 7 i , Melting-point, 192® to 193®. 

Benzene > = 3 * 5 i = 4 - 33 i® 

Alcohol / = 2.9, [n:]^ = -r 381® 

Dica 77 ipha 7 ihexa 7 iazi 7 i€ \ Melting-point, 201° to 202® 

Benzene P — Sy = + 511® 

Dica 77 ipka 7 tli€xadte 7 iper oxide. 

Benzene / = 3 5 . [^]/> = -H 296® 

Alcohol / = 2 9, [ajg = -+• 345 II® 

Campha 7 tca 7 nphori€ Acid Melting-point, 224° to 225® 
Alcohol / — 4 75. ® = 4 - 93 6 ® 

ot^Dicamphandiacidaiihydride * Melting-point, 143® to 144®. 
Alcohol * I I, = -— 142° ^ 

/-Camphor Matricaria camphor. Found in the oil of 
Matricaria Partheiiimn, and may be made by oxidation of 
/-borneol Melting-point, 178 6® ;* boiling-point, 204° ; d^^ = 
0-9^53- specific rotation in alcoholic solution for red light 

(A. = 635 and / = 10 was found as = — 33® ; that is, 
in agreement with the rotation of laurel camphor. The formula 
for the specific rotation of the latter,'* [o'],. = 45 25® — 
0-1369 q gives for;> = 10 ($r = 90J, = + 32.9° ^ 

Alcohol . . . . ^ == 20, — o 8255, [n:]5J = — 44 22® ^ 

Transformation Products of U Camphor 

/-Camphorpinacone Right-rotating. 

Benzene. . . p~ 23.74, == o 9075, la]=^ = -f 26 52® « 

/-Camphoroxime. Melting-point, 115°. 

Alcohol / = 20, d^==o S35, [ff]“ = + 42 51° )“ 

“ ... . p= S.3, “ =0.812, “ =4-4138 ) 

Hydrochloride, CjgHj^NOH.HCl Melting-point, 162® 
Alcohol = S.33, = o 81S5, [a:]^ 4 “ 42 52® ® 

1 Oddo Gazz chim. ital , 27, X, 149 
- Haller : Compt rend , 105, 229 
® Biot Ann chim phys , [3], 36, 501 

* Chantard J pharm Cliem , [3], 44, 13 . Jahresher , 1S63, p. 555 
a Beckmann Ann Chem. (I,iebig}, 350, 253 

® Beckmann Ibid , 393, 25 

• Beckmann Lac cit 
s Beckmann 



/-Camphanic Acid. 

/“Camphocarboxylic Acid Melting-point, 128.7*^, 

la]i^ == - 66.86« 2 

/-Camphoric Acid, Resembles ^/-campboric acid and 
rotates as strongly to the left as the latter does to the right,* 
Absolute alcohol [^r]^ = — 49*5® * 

l-Bromcamphoric Acid, 

Chloroform [a:]^ = + 216** 

/-IsocAMPHORic Acid. Resembles the left-rotating iso* 
camphoric acid from ^-camphoric acid and rotates as strongly 
to the right. 

la-]j = + 48,6° * 

/-Camphoronic Acid. 

Water ^ = 10, [or] « s — -l 27.05, ( [ar]g s = ~ 24 04® > 

^/-Fenchone, Cj^HujO. From oil of fennel Crystals , 
melting-point, 5° to 6® ; boiling-point, 192° to 193®, = 

o 9465. 

a. Direct from fennel oil. 

Alcohol. . - / = 8.333, = o 8045, = “t- 71 97"* 

b. From fenchyl alcohol 

Alcohol.. . p — 12 93, d^^ = o 8090. [a:]g - — 71 70® 

Derivatives Oxime, Cj„HigNOH Ciy'stals , melting-point, 
161®. 

Alcohol = I 14, d^^ = 0.793, [a:]g = — 65 94® ® 

Acetic ether ^ = 2 72, * = 0,911, [<3^33® = — 52 61° 1 " 

“ “ ^ = 2.24, d}^ =0.9115, [a]^ = —5228 i 
“ p==i 6 o, 0,9121, [a:]«s r= 51 62 J 

' Aschan Act soc scient. fenmce, ai. Nr 5, p i 
a Haller Compt. rend , 105, 229 

3 Chantard Ibtd , 37, 166, Jahresber, 1853, p 430 Jungfieisch Compt. rend, 
iiPi 791 

^ Aschan Loc at 

3 Ossian, Aschan Ber d chem Ges , a8, x6 
a Wallach Ann Chem (Webig), adSi 132 
1 Binz Ztschr phys Chem , la, 725 
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Oxime Anhydride, CmH,,X. Oil; boiling-point, 217' 
2x8®: rf” = 0.89S. 

Alcohol /» = 6 81, = o 79SS. W'l -f 43 31° ’ 

/-Fexchone. From thuja oil. Crj’stals , melting-p< 
5“ . boiling-point, 192° to 194®: d’’' — 0.948. 

.Alcohol /> 1436- rf”-=oSis, [ff]g = — 66 94° ^ 

Deriiaiives : Oxime. Resembles closely the rf-fencl 
oxime, and in equivalent cxincentration rotates as strongl 
the left as the latter does to the right.- 

/-C.ARONE Cfrom if-carvone, [«]/.= + 62°), C„H„0. 1 
ing-point, 210°. with decomposition; d = 0.9567. 

[«].’< = - 173 8® ' 

M.atico C-AMPhor, C,jH„ 0- In matico oil {Piper ang. 
folium). Hexagonal crj-stals. Melting-point, 94°. 

Fused if — o 924, = — 28 4 

DxssoUed ill chlorofomi - - - p^\o - i 557, [orjjs = — 28 7 

See further, §7 

Patchoxxi Camphor, In patchouli oil (/h 

t^mon Patchoub'}, Hexagonal prisms , melting-point, 54* 
55^ , boiling-point, 206®, — 1.051. Fused, t above ; 

\ a ] , ~ — 118- 

Alcohol [ajzi — 124 5 — o 21 r 

See further, §7. 


B POLYTERPENES 
I Sesquitef penes, 

Cadixexe i true sesquiterpene). Found in many ethe 
oils Liquid boiling-point. 274® to 275°; = 0.918. 

Chloroform = 13 05. (P ^ i 385. [a:] = — 98 56° 

Dtkydfockloride, 2HCI. Rhorabohedral-hemihec 

prisms Melting-point. iiS". 

Chloroform - . 7212. if* ’ == i 460. [ a] 9 ,s = — 36 82° 

" Wallach Lr^ 'r 

2 WalZach Ann Cheni Eiebijp . 272, loz 
Baever Bruhl Bcr d chem Ges ;i 8 , ^539 

* H Trau>)e Ztschr f Kryst 23, 4*7 

* Moniyolfic- Bull soc. chira 3] 39 , 414 



DikydrobrofnideyQ^^^^.2ll'^r. Needles ; melting-point, 124®. 

Chloroform. . , p 7.227, d*’^ = 1 490, [or]J5 — 36.15® 

Dihydroiodide, Needles ; melting-point. 105® to 

106®. 

Chloroform. . . . ^ 5 56S, /f* * = i-Wi [^3// — — 48® * 

^t-Paracotoi,. Is probably a hydrate of cadinene, 
Boiling-point, 220° to 222°. 

//»■' r=: o 9262. [tr]z) “ — 11.87® * 

Hemp Oil. From Cannabis saliva. Boiling-point, 120® 
to 121® (9 mm ). 

[flr]^, = — 10 81® 

P ATCHOULENK From patchouli camphor. Liquid ; boiling- 

point, 254° to 256®. 

‘ - o 937, [«]/’ -^421®* 

2 DiterpeneSy 

/-Diterpilene From left turpentine oil 

flf'* = 0.9446, [«]/j = — 14 25® 

j. Triterpeney 

^/-or-AMYRiLENE. Ftom or-amyrin. Crystals , melting- 
point, 134® to 135®. 

Benzene ^ = 4, [^li> = 109.4S® ® 

Denvatives . a-Amyrin, C3,,H,,OH. Fine needles , melting- 
point, 181° to iSi 5®. 

Benzene t' = 3 839 , -= t- 91 59® 

Oxy-a^amyri?iy C^,H,,O.OH -f 2H3O. Needles , melting- 
point, 207° to 208® 

Benzene c— 1.653 (anhydrous), [«]]= s = -u 108 6® 

1 Wallach, Conradj Ann Chem i Liebtg), 352, 150 

2 Jobst, Hesse Ibtdy 199. 75 

*5 Valente Ga/z chitn ital , ii, 196 

* Montgolfier Bull soc chim , 38, 415 

* I«afont Compt rend , 106, 140 

« Vesterberg, Backstrom Ber d cbem. Ges , 20. 1245 
T Vesterberg, Svensson Ibid , 33, 31S6 
« Vesterberg, S\ensson Loc at 



Brom-a-amyrin, CgoH^gBr.OH. Crystals ; nielting-poii 
177® to 178®. 

Benzene c = 2 590, = -|- 72.8° ^ 

a-Amyrin Acetate^ CgoH^o.CgHgO^. Plates, meltmg-poii 
221®. 

Benzene c = 4 » 074 i = + 77.0® ^ 

/-a-AMYRii^KNE. From the rf-compound and P^Og. Pr 
matic crystals ; melting-point, 193® to 194®, 

Benzene = 0.8709, [o:]i? = — 104.9®® 

y^-AMYRii^ENE. From y^-amyrin. Crystals; melting-poit 
175® to 178®. 

Benzene. .. . = 1.515, la]j} = + 112 19° V* 

“ r= 0,8 [a:]/) = + 110.42 J 

Derivatives . CgoH^,, OH. Crystals ; meltin 

point, 193® to 194®, 

Benzene i. 9055 . = i- 99 * 8 i® ^ 

“ ^=5 Wg = H-94.2* 

^-Amyrin Acetate ^ CgoH^g.CgHgOj Prisms ; melting-poir 
236®. 

Benzene = 4.15 r, [or] 7 = + 78 6® ^ 

fi^Amyrin Palmitate, CigHgoOj. In coca wax. Crystal, 
melting-point, 75®. 

Benzene c = 2, [o]g == + 54.5® * 

24. Ethereal Oils 

The rotation of the active ethereal oils varies in geners 
more or less, according to the part of the plant from whic 
they are obtained and the method of preparation (pressure \ 
distillation). Besides this, oils of known purity, in mar 
cases, have not been obtainable in quantity through a sufi 
ciently long period to permit the determinatioii of certain dat 

1 Vesterberg, Svensson 

3 Vesterberg, Koch Ber. d cbem Ges . 24 , 3S34 

8 Vesterberg, Backstrom /did , ao, 1246 

* Hesse , Ann Cbem (I#iebxg), 371, 216 
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But for a number of oils of the aura^iHum group, on the other 
hand, it has been possible in the laboratory of Schimtnel & 
Co., of Leipzig, to establish, after years of investigation, the 
limiting values for the rotation, so that oils which give results 
outside these may, with considerable certainty, be looked upon 
as adulterated. 

In what follows the data furnished by the reports of this 
firm will be given , the rotations, stated are the angles read 

off directly in degrees and minutes, with a tube length of loo 
mm. and sodium light. 

Oil of Bergamot [^Citrus bergamta) ^;| == 0.883 to 0.886, 
not below o 881 = -f 9® to H- 15®, not above + 20® 

(principal constituents — limonene, dipentene, linalool about 
38 per cent , Imalyl acetate). 

Oil of Lemon (^Citrus hmomim). d% = o 858 to 0.861. 
org = 59° to 67°, not below 59° For observations made at 
temperatures below 20°, under the same conditions, 9' must 
be subtracted for each degree C, and for observations made at 
temperatures above 20°, 8 2' must be added for each degree 
This correction holds for the interv^al, 10° to 30° C The 
rotation does not change on long keeping, even under unfavor- 
able conditions (principal constituents — limonene, citral, no 
pinene). 

Oil of Orange 

a Sweet ( Citrus aurantiuvi) d%=o 848 to o 852 oi^u — 
+ 96® to 98°, not below 96° Temperature correction for 10® 
to 30® C for each degree under 20®, — 14 5' , above 20®, 
+ 13 2' (principal constituents — limonene, citral) 

b Bitter {Citncs bigaradia), == 0.848 to o 852 ol^ ~ 
+ 92° to 98°, not below 92° (limonene) 

For most of the other oils the limits of rotation have not 
yet been established with the same certainty The data in 
the following list, which likewise have been taken from the 
Schimmel reports up to April, 1897, may, nevertheless, be 
found useful for companson in some cases. For each oil, the 
first figures refer to the specific gravity at 15°, and the second 
give the mean rotation for the D line in a 100 mm. tube, as 
read off directly 
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Androp 9 gQn Oil i^Andropogoii lanig^f ) , 0915 to 091 9> 

— 4° to + 54°38'. Andropog 07 t odoratus^ 0.945 to 0.95 

— 22° to — 23® (phellandrene). 

Angelica Oil (Arckangeiica officinalis), a. Fruit: o 856 to 
0.89, + II® to + 12°, b. Fresh plant . 0.869 to 0.886, + 8^ 
to + 21®, c. Root: 0.855 to 0.905, 25® to + 32® (phel- 

landrene, methylethylacetic acid). 

Afiise Oil {Pimpinella anisum). 0.980 to o 990 Slightly 
left-rotating, to — 1*^50' lanethol, methyl cha\dcol, ams- 
ketone). 

Asafetida Oil {^Ferula asqfeiida 0.975 to 0.990. = 

— 9^15' (pinene? bodies containing sulphur, and compounds 

Bastlicum Oil ( Octjnum basilicum), o 909 to 0*990. = 

— 22° to + 16® (pinene, cineol, camphor, linalool, methyl 
chavicol). 

Betel Oil {Piper beile)^ Java. 0.958 to 1.04. Up = -j- 
2®53^ (betelphenol, cadmene, chavicol). 

Cajiput Oil {Melaleuca^ 0.92 to 0.93 according to 

province. /T/, — — o®io'to — 2® (cineol, terpineol, terpenyl 
acetate). 

Calamus Oil (Acorns calamns). Fresh roots o 960 too 970. 
ccr^ ~ 20® to 31®. Dry roots : o 960 to 0.970. = 13® to 

21®. Commercial oil : o. 962 to o. 970. <r r, never below + 10®. 

Camphor- Leaf Oil (Camphora officinahs), 0.932. «/? = 

4®52' (camphor). 

Carazeay Oil ( Cantm carzd 0.905 to 0.915. tXp = -(- jo® 
to + 85® ( limonene, carvone ). 

Cardamom Oil {Eleffaria cardamomiun) , Ceylon, o 895 to 
0.910. = + 12® to ’T' ly ‘"^terpenine, dipentene^ ter- 

pineol?). 

Cascanlla Oil {Croion eluteria k 0.890100.930. = + 5®. 

Cedar-Leaf Oil ( Junipems virginianaf o 8S4 to 0.886. 

Cedar-Wood Oil ( Juniperus virginiana), 0.940 to 0.960. 
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iitj, — — 30° tu — 40® (cedrene, cedar camf^or). Oils of dif- 
ferent countneb and unknown botanical origin, 0,906 to o 9aS. 

— 5“ to is^ 6' {cadinene, cedar camphcH-). 

Ccli JV Oil (Aputmgrazeohns), Fresh leaves . o H4H 100.850. 
Uj, — — 48° to — 52®. Seed * n 870 to 0.895. <'r . - 67® 

to -j- 79® nimonene). 

Conifer ( )ik * 

Turpentine Oil {Pinm 0.855100.876. American 

oil, right- and left-rotating French oil, left-rotating : other 
European oils are right-rotating ( pinene, dipentene in Ru!«ian 
and Su^'edish oils, also sylvestrene ). 

Pine Xeedle Oil { Finns silvisiris) Swedish, 0.S72. - 

io°4o'. German, 0.SS4 to o.8s6. <r - — 7^ to -- 10® 
(pinene, sylvestrene, Ixirnvl acetate, caditiene) Scottish, 
o 885 to o SS9 01 ^ - 7' 45' to ” 

Pine Niedle (hi { Picta vule:arisK o SSS a ~ —21 "40' 
(pinene, phellandrene. dipentene, bornyl acetate cadinene); 
from two-year cones, 0.892 a 20^12* 

Divarf Pine Oil ( Latschenkiefer f ( Pinii:^ pumtlio o to 
o S75 01 n — — 5® to 9® f pinene, phellandrene, ^ylves- 
trene, 4 to 7 per cent of born}l acetate, ^'^luiterpene ’ 

Silver Fir (^il r Edeltaimen ) \ Abu^ ptJinataS Xee<lles 
o 865 to o S75 «r. --- 20= to — ^>0^ pinene limunene 4 > 

to 7 per cent of bornyl acetate, ^*stiuiterpene > . Young omes, 
o S55 to o S70 — 60® to - so® < pinene, liiiionene 5 

to 3 percent of ester, Ci,,Hj-OCH,CO» 

Hemlock Oil (Abus canadtnm ' 0907. o — 2 u to 
— 26® (pinene, campheiie, bornyl acetate, sesi^uitcriieiie 

Fir Needle Oil, Siberian KAhits uberua^, *>.91 to f'92. 
itj, = — 40® to — 45" (bornyl acetate'f 

Coriandtr Oil (Coriandrum sativum ' u.Sj to o « ~" 
+ 8® to -f 13° (pinene, linalooU, 

Creeping Thyme Oil i Thymus serpyllium). o 905 to o 930. 

— 1° to — xi° (thymol, carvacrol, cymol> 

Culled Mint (W {Mentha ertspa). 0.92 to 0.98. — 

43® or low’er ( carvone). 
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Ddl Oil (Aneihwi graveoiens), German, Russian, Rouma- 
nian fruit : 0,895 to o 915 vejy ^ -f- 70° to + 80® (limonene, 
carvone). East Indian fruit : = + 40® 

Dog Fennel Oil {Eiipaiornwt focnicnlacetwi). 0.935. ~ 

+ 17° 50^ (phellandrene). 

Eleini Oil i^Cana 7 ‘ium spec.), o S7 to 0-91 = + 45° 

(phellandrene dipentene) 

Eucalyptus Oil {^Eucalyptus ^ spec.). 0.S6 to 0.95 oci^ = — 
71° to + 20® according to source (citronellal, cmeol, citronel- 
lone, pinene, phellandrene, alcohols, and aldehydes of the fatty 
series ) . 

Fefmel Oil {Foenicuhati and varieties), o 920 too 987 

= + 7° to + 22° French, to + 48® (pinene, phellan- 
drene, dipentene, limonene, fenchone, anethol). 

F?mikince 7 ise Oil {Bosu'ellea^ spec ). 0.875 too S85 = 

— 35' (pinene, phellandrene, dipentene) 

Galba 7 iuni Oil {Peucedaiiiungalba^iifluum and varieties) o 91 
to o 94. = — 5° to 4- 20° (pmene, cadmene) 

Gera 7 iiu 7 n Oil {Pelarg 07 iiu 77 i, spec ). According to origin 
o 886 to 0,906. = — 7° to — 16® (gerauiol, citronellol, and 

19 to 33 per cent, of tiglic acid esters of the latter). 

Gi 7 tger Oil {Zhigibo officinale) o S75 to o 885. o'/, = — 

26° to — 44° (camphene, phellandrene) 

Gu 7 yo 7 i Baha 77 i Oil {Diptei-ocaipus, 092 to 0.93 

-- 35° to — 106°. 

Hop Oil (Hum id us lupulus), 0855 to o SS. o'z; = + 
4®4o' and lower f terpenes, humulene) 

Junipe 7 ‘ Oil (Junipei'us coimmmis) 0.865 to o 8S5. = 

dt= o to — 18° (pinene, cadinene, juniper camphor). 

Lavender Oil (Lavendtda vera), French. 0885^0.895 
aj) = — 3° to — 9° (linalool, linalyl acetate 30 to 45 per 
cent., geraniol, cineol). English; 0.8S5 to o 900. dp — — 
7® to — 10® (much cineol, linalyl acetate 7 to 10 per cent ) 

Lime Oil, Italian { Citrus limetta) 0.872. = 58° 15'. 
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West Indian ( Citrus medtca^ var. acida), o. 8S0 to o 8S5 = 

+ 35^ to + 40° (limonene, citral). 

Aface Oil {Myristica officinalis'). 0.91 to o 93 = + 10^ 

(pinene, myristicene). 

Mandarin Oil ( Citrus madureiisis) o 854 tooS5S a d = 
+ 65° to + 75° (citral, limonene). 

Mastic Oil {Pistacia lentiscus). 0855 to 0870 = -f- 

22° to + 72°. 

Onion Oil (Alhmn ccpa) 1.040, = — 5° 

Oi'ange- Flower Oil, sweet (^Citrus aurantium). o 87 too 890 
aj) == + 16° to + 29®. Bitter, Citnis bigaradia, 0.S7 to 
o 885 == + 5° to + 10° nimonene, Imalool, linahd 

acetate). 

Palma Rosa Oil (Andropogon Schoenanihus) o 888 to 
o 896. — i°4o' to + i°45' (dipentme, geraniol, ger- 

anyl esters) . 

Pennyivyal Oil {Mentha pidegmm, Hedeoma pulegioides^ 
o 93 to 0.96 == + 17° to 23° (pulegone) 

Peppermint Oil {Mentha piperita) German o 902 too 915. 
— — 25° to — 32° English o 900 to o 910 = — 

22°to — 31° American o 910 too 920 0'^,= ~ 25° to — 33°, 
Japanese o 895 to o 905 cxj^ = — 26° to — 42° (menthol, 
menthone, menthol esters of acetic and isovalenc acids, alde- 
hydes, terpenes) 

Rosemary Oil {Rosmarinus ojfficinahs) Specific gravity not 
below o 900. = -f i°3o' to 11° for French, and + 0° 45' 

to 4° 30' for Italian (pinene, cineol, borneol, camphor) 

Sandalwood Oil {Santalimi, spec.) East Indian 0.975 to 
0.980 = — 17° to — 20®. West Indian* o 963 to 0.967. 

about + 26°. Australian* o 953 oto = 5° 20' (santalol). 

Sassafras Oil {Sassafras officinalis). Leaves o 872 oij)=. 
— 6° 25' Bark: i 065 to i 095 or^, = -f i ° to 4° (pinene, 
phellandrene, safrol, eugenol, camphor). 

Savin Oil {Juniperus Sabina). 0.910 to o 925. + 

45° to + 60® (pinene, cadinene). 



666 


CONSTANTS OF ROTATION OF ACTIVE BODIES 


Spike Oil {^LavendiUa spica). 0.905 to o 915. 01 ^ usually 

to + 3°, seldom to + 7° (pinene, cineol, linalool, camphor, 
borneol, terpineol (^), geraniol f?)). 

Star Anise Oil {^Illicium veruni), 0.98^0.99. ar^ = -(- 
o® 40' to — 2® (pinene, phellandrene, methyl chavicol, anethol) . 
Storax Oil {Liquidambar oriefiialis) . 0.89 to 1.06. = 

— 15® (styrol, cinnamic acid esters). 

Sweet Marjoram Oil {Origanum majorana). 0.89 to o 91. 
= + 15° to + iS®. 

Tansy Oil {Tanacehim vulgare). Fresh plant; 0.915 to 
0.930. Dry plant 0954. = + 30® to 45°. English: — 

about — 27® (thujone, camphor, borneol) 

Thuja Oil ( Thuja occidentalism, 0.915 to 0.930 = — 

6° to — 13® (thujone, fencbone, pinene). 

Tarragon Oil i^Eslragtni Oil) {Artemisia dracu 7 tculus') ^ 
0.89 to o 96 o(j) ~ + 2® to + 9® (methyl chavicol) 

Valerian Oil ( Valeriatta officinalis) o 93 to o 95 = 

— 8® to — 15® (pinene, camphene, borneol, bornyl esters). 

Ylang-Ylang Oil {Anona odoratisstma') , 091 to 095. 

= — 20® to — 55® (benzoic acid esters, linalool, geraniol, 
etc. ) 

25. Resin Acids 
Dextropimaric Acid, 

Chloroform c = 10. 10, t = 20°, [orjo — ^ 73 36® 1 

Abietinic Acid, C,aHo.O^. 

lct]n = 66 , 66 ^ to - 67 34® " 

PoDOCARPiNic Acid, 

Alcohol r “ 4 to 9, [a]z) 4- 136® ) ® 

Ether r — 4 to 7, “ -5- 130 / 

Sodium Salt, Cj-H^jOgNa -f SHjO. 

Water r = 4.6, [«:]/» ^ 82® * 

“ M, =79 . 

“ ^=138, “ =73 

Alcohol £•= 90, “ =86 , 

^ Rimbach Ber d pharm Ges . (1S96), p 63 
3 ICach . Monatsh Chezn , 15, 627 
» Oudemans* Ann Chem (I^iebiR). 166,65 
* Oudemans Loc at 
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Turpethinic Acid, C„H„ 0 „. Melting-point, 168®. 
[a]fl = — 3749 '’ 

Convol\t:linic Acid. Melting-point, 175°. 

[£r]i) = — 45.30' 


26. Alkaloids 

Alkaloids of the Aconite Species 

Aconitine, CnH^jNO,,. Rhombic crystals ; melting-point, 
1S8.5® (corr.) 

Alcohol p = 3.726, [ajg = — 11.01° 

“ f= 2.746, [«]*“= -f II.IO J 

Formerly described as left-rotating. See Jurgens.® 

Hydrobromide, C„H,,NO„.HBr a'/jHjO. Crystals. 

Water r = 5.183, [«]“ = — 31.3° ^ < 

Recrystallized P — ^ 95 ^ “ = — 30.47 * 

ISACONiTiNE (Napelline), CjjHjjNO,,. Crystals; melting- 
point, 125° (corr.l. 

Alcohol r — 7 86, [(T]g = — 4 48® 

Hydrochloride, HCl + H^O White needles ; 

meltmg-pomt, 268° (corr.) 

Water f -- i, [a]g = — 28 74° 

Hydrobromide, Needles; melting-point, 

282*^ (corr.) 

Water r = i, [a]g — 30 47° 

Hydroiodide, CjaH^^NOi^ HI Crystals ; melting-point, 242® 
(corr ) . 

Water f = i, [a]g =:r — 26 94° ^ 

Pyroaconitine, 

Water c= c.121, [o:]g == — 90 99° 

Hydrobromide, CjjH^jNOio.HBr. 

Water c* = 2 136, [£r]g = — 46 8® 

Pyroaconine, Hydrochloride, Cg^HjjNOg.HCl + H3O- 
Water = i 96, [a:]g = — 102.07® * 

1 Eromer Z Oesterr Apotliek.-V , 49, 520 

* Dunstan, luce J. Chem, Soc , 59, 281 
» Jahresb , 1885, 1721 

* Dunstan, Ince Loc at 

* Dunstan, Hamson J Chem Soc , 4S3, 445. 

« Dunstan, Carr Jbid , 65* 176 
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Aconine, C^H^jNOip Amorphous: melting-point, 132® 
f corr. ) . By hydrolysis f rom isaconitine. 

'Vater / , 3.534, == j 01 [a];.s 23® 

Hydrochloride, C,6H*,XO„. HCl -r 2H,0. Crystals , melting- 
point, 175.5° (corn ) 

Water, / ~ 5 75 | anhydrous d^- = 1.015, = — 7 71® » 

Water, r — 2 398 (anhydrous^. [a]j3 — — 7 72= ^ 

Lyc ACONITINE, — sH^O Amorphous ; melting- 

point, 1 1 1.7® to 114.8°, 


Alcohol = lo, [«] , = — 31 5° 

Atisine, C.jH jXOj (from Aconiiiim heierophylliini) : 
Alcohol [a] > ’ - — 19 6® 


Hydrochloiide \ C.Jf iNO,, iHCl, m p 296® Water, — iS 46® * 

Hyirobromtde ‘ “ HBr, “ 273® “ “ = 24,3 t 

Hydroioduie ‘‘ ** HI, “ 279®-2So® “ ** ---r 27 4 i 

For later ob?er\’ationb on aconite alkaloids, see Duustan and 
Carr, ’and Dunstan and Read.*’ 


Arginine, The free ba^ has not been investi- 

gated. 

Hydrochloride, Q^H^jXjOj.HCl. Monoclinic crystals. 

W ater «» t ~8, [^*^1 j - — 33 

C,H,,XA*HXO \Hp, Xeedles. 

Water r ~ 10. — 28.75®“ 

Aribine, C, H,,X, - 8 H, 0 . Crystals : melting-point, 229°. 
Inactive ' 

Aspidospermine, C ,2H.^,X,0 Prismatic crystals , melting- 
point, 205° to 2o5°. 

Alcohol ( 97 vol p. c. ' c~ 2, [tt] 5 = — 100 2° ] ^ 

Water— 3 mol. HCb - - . - . r = 2, “ — 61.6 \ 

‘ — 10 “ “ 2, “ — 62 2 j 

J Duxistan Pa'^smore J Chexn Soc 6i, 4o<:} 

- Danstan Ham<%>u Atc lii 
DragendorfT, Six)hn Ber d chem Gc* , 17, Ref 375 

* Jowett Clxem News 74, i»> 

' J Chem Soc 71,350. 

/l>id 77, 45. 

SchuUe, Steiger Ztschr phys Chem, 11.43 

* Rieth Inaug-Biss, Gottingen, 1861 
Hesse Aim Chem Cttielng), an, 254. 



Aspidospermatine, Wart-like lumps ; melting- 

point, 162^. 

Alcohol (97 vol p. c.) r-- 2, [a]j| ^ — 72.3* * 

Quebrachine, Prisms ; melting-point, 214“^ 

to 216® funcorr.).* 

Alcohol (97 vol. p, c.).... r - 2, — 62 5® I * 

Chloroform r 2, “ - - 18 6 j 

Paytine, -r H, 0 . Crystals ; melting-point, 156®. 

Alcohol (96 (’) vol p. c.) r - 0.454, [ajg — 49 5^ * 

Atropine, C1.H23NO3. Crystals ; melting-point. 1 15® to i r6®. 

Absolute alcohol c~ 3.22, [o:]^ -- — 0.4® ^ 

Alcohol = 6 67, [a]|^ — 1.89® * 

According to Ladenburg* and Gadamer^ atropine is optically 
inactive 

The Atropimim naturale is a mixture of atropine and 
hyoscyamine. 

Sulphate, (C,,H,,NO,)sH,SO, -r H, 0 . Crystals. 

Water r = 2 (anhydrous), [tr] = = — 8.S® 

ScopOEAMiNE, C,-H^iNO* -f HG. Melting-point, 59® 
Absolute alcohol .... /> = 2 65, [a]/, — — 13.7" *' 

Melting-point, 56®. 

Water [o:]/) — — 14 97® 

Hyoscyamine, Cj-H^^NO^. White needles melting-point, 
108® to 109®. 


Absolute alcohol 

“ “ 

“ “ 

“ r , - f t 

. c= 17 2, [a]*' = — 21 60® 
. = 12 4, • - - 21 76 

. r ~ 6 2, — 21 25 

. f 3 I, ‘ “ ' — 20 26 

Alcohol { 50 per cent ) . . . 

. C — 12 4, “ — — 20 27 


1 Hesse Loc at 259 
- Hesse Ber d chem Ges , 13, 2308 
3 Hesse Ann Chem (I,iebig), an, 365 
^ Hesse Ibtd , 166, 272 
5 Hesse Idtd^ 371, xoi 
« Will, Bredig Ber d chem Ges , ai, 2-77 
7 Ber d chem Ges , at, 3065 
3 Arch Pharm , a34, 543 
• Hesse Loc at. 

10 Hesse . Ann Chem, (I^chig), a?!, xiz 
XI Zuboldt Diss,, Marhurg, X895. 
w Will , Ber d chem, Ges , ai, 1717 





Alcohol ^ = I to 12, [o:]^ = — 21 016 — o 0154 c ^ 

Absolute alcohol, == 3 22, [ir]g = — 20 3® ® 

By action of bases, hyoscyamme is converted into atropine.* 

Sulphate, + 2H,0. White needles ; 


melting-point, 201°. 

Water c— 2 (anhydrous), [<a:]g = — 28 6® * 

Water = 2 9, [a]/)= — 26 8 to — 27 3° ^ 

Oxalate, anhydrous. 

Water / == 1.6, [cc]o = — 24.07° ® 


PSEUOOHYOSCYAMINK, Yellow needles ; melting- 

point, 133° to 134°. 

Absolute alcohol. . . p = 5.26, [a]^ = — 21.15° ^ 

Hyoscine. Hard, transparent, resin-like 

masses ; melting-point, 55®. 

Absolute alcohol . - c = 2 65, [a:]g == — 13 7° « 

The rotation is greatly decreased by addition of a small 
amount of sodium hydroxide solution, 

Hydrobro 7 mde, Cj-H^^NOi.HBr + 3H2O Rhombic crystals. 
Water = 4, [Qr]ij == - 22 5° * 

Bebirine, Ci,H,iN 03. Melting-point, 214°. 

Absolute alcohol = i 6, [o:]^ = — 298° ** 

Berberine, + 4H,0 Crystals , melting-point, 

120®. Inactive 

OxYACAXTHiN, Ci^Hj^NOg. Cr3^stals ; melting-point, 138° to 
150® (from water) ; 208° to 214° (from alcohol). 

I vol. alcohol (97 vol. p c) — 2 vol chloroform, ^ = 4, 131.6° 

Hydrochloride Cj,H,,NO,.HCl + 2H3O Needles 
Water = 2, [a]g = -L 163 6° * 

^ Hamnicrschmidt. Will and Bredig Ber d chem Ges , 21, 2784 
~ Hesse Ann Chem (I^iebig), 271, 103 
Will and Bredig Ber d chem, Ges , 21, 2777 

* Hesse Lol at 

»* Gadamer Arch Pharm , 234, 543, 

'' Gadamer Loc at 

* Merck Arch Pharm , 231, 117 
Hesse Ann Chem (I,iebig), 271, no 

^ « Scholtz Ber d chem Ges , 29, 205S 
Hesse Ihid , 19, 3192 



Hydrastinb, Cg^Hj^iNOe. Rhombic crystals ; meltiiig-pomt, 
132°. 

Chloroform ^== 2.552, [ar]g = — 67.8® y 

Water H- 2 mol. HCl.. ^-=4.050, “ '^—127.3 J 

Chloroform c = 042, [a]i) = — 57.5® 

Methylhydrastine Hydrochloride^ CjaHjujNOjj.HCl. Crystals ; 
melting-point, 241°. Inactive in aqueous solution.® 

Hydrastinine, + HgO. Crystals , melting-point, 

116'^ to 117° Inactive in aqueous solution. ^ 

Che)i,erythrink (Saiiguinarine), Ci^H^gNO^. Crystals, 
melting-point, 160®. Inactive. 

Cinchona Alkaloids^' 

Cuprein:^, CiuHjgNaOa + 2H2O Prisms ; melting-point, 
197® to 198° The following determinations on the alkaloid 
and Its salts were made by Oudemans.® 

Absolute alcohol. . . c ~ o 69, i 24, i 7S® 

“ “ • 175.4, —175.5, ’-173.3° 

Alcohol (97 P c ) . c ^ 1.50, layf, — — 175,3® 

Neutral Hydrochlo'ide^ CjjjH^^NaO^.HCl + H^O Colorless 
needles. 

Water ... c - 0567, [ur])? - — 157 1°, alcohol, [or]j7 — _ 1847° 

“ 0,871, “ ==-1548, “ " -^-1820 

Absolute alcohol c 0.927, “ = -- 169 7, “ “ — — 199 8 

" “ 1 421, “ = ~ 167 3, “ “ - — 196 7 

Acid Hydrochloride^ 2 HCl Hard crystals , 

-h 2H2O, rhombic crystals 

Water, c=: i 194 (liydrctted), [crjjj — 2110®, alkaloid, — — 283 8° 
“ 2.508 “ “ — — 2106, “ “ ——2823 

“ c— 4687 “ “ =—2060, “ “ — —2762 

“ c= 8 589 “ “ ™ — 2004, ** “ = — 26S 6 

“ ^“17278 “ “ ——191,1, “ “ — = — 2562 

1 Freimd, *Wjn Ber cl chem. Ges ,19, 2797 

2 Eijkinaii Rec trav chim Pays-Bas, 5, 290 

f Freund and Rosenheig Ber d, chem Ge& , 33, 404 
t Freund, Will Aoc a/ 

i> Numerous earlier observations on the rotation of the alkaloids were made by 
Bouchardat: Ann chini phys , [3], 9, 213, Boucliardat and Boudet J pharin Chim , 
[3], 33 , 288; Buignet • [3], 40, 268 , DeVnj and AlUiarcl Compt. rend , 59, aoi 

The numerical data refer to Biot’s red ray, but they cannot be used, as the nature of 
the solvent and the concentration are, ni most cases, not given, 
fi Rec. trav chini Pays-Bas, 8, 153 



Water, -|- 5 26 cc. norm, HCl 2,088 (hydrated), [or] — 2108® 

alkaloid, =—2826 
“ -h 1053CC norm HCl c = 2.070 (hydrated), “ == 210.2 

alkaloid, “ = — 281.7 

“ -f- 22 73 cc. norm, HCl ^ = 21 987 (hydrated), — 205,5 

alkaloid, “ = — 276.4 

“ + 52 63 cc norm. HCl c 2 085 (hydrated), “ = — 199 5 

alkaloid, “ = — 267.8 

“ -f 90 90 cc. norm HCl c = 2.056 (hydrated), “ — — 194*0 

alkaloid, “= — 2609 

Neuiral Hydrobromide^ HBr + HgO. White 

needles. 

Water = 0.491, [a]g =; — 145 8® , alkaloid, [or]g = — 192 7 ® 

“ ^=i.i8b, “=-1448, “ “ == — T911 

Absol alcohol r = i 434, “ = 139*2 , “ “ = — 183 7 

“ ^==1687, “ I37 3i “ *‘= — 1811 

Add Hydrobromide ^ CigH22N20a*2HBr. Crystals. 

Water c—i 564, [orjg = — 189 o® ; alkaloid, [ar]g = — 287 7° 

“ i:=:2 99i, “=—1846; “ “ =—.2810 

“ ^ = 7.012, = — 176 8 ; “ = — 268 6. 

Neutral Hydroiodide ^ CigHaaNjOj.HI. Crystals. 

Water c = 0.802, [o:]g = — 126 3° ; alkaloid, [a]g = — 178 4® 

Absol alcohol r=: 0.982, - 128 3 , “ “ = — 180.9 

Add Hydroiodide y 2HI (at 150®) Yellow crystals. 

W'arer c=i 504, Ca]g = — 151 2® , alkaloid, [cr]g = ~ 283 2® 

“ c = 1 491, " = — 147.6 ; “ “ = — 276 4 

Neutral Niiraiey HNOj + 2H2O. White needles. 

Water f = 1.129, [ar]jf = — 138 4® , alkaloid, [cr]*5 = — 182 5® 

Acid Nitrate y Ci9H22N202.2HN0g + HgO. Light yellow 
crystals. 

Water r = 1.283, [or]g = — 179 4® ; alkaloid, [a]^ = — 289 i® 

“ /: = 2 347, “ = 193.4 ; “ “ = — 283.2 

^=3815, “ =—188.9; ** “ = — 276.7 

“ ^ — 5 035» ‘* = — 1898, “ “ = — 278.0 

“ ^ = 8551, **==—1889; “ “ =-2767 

Chlorate y CigHjjNjOj.HClOg. Fine white needles. 

"Water 1.033, = — 144 * 9 ® \ haloid, [o:]g = — 184.4® 
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Neutral Sulphate, CiqHaaNjO^.HaSO^ + 2H2O. Crystals. 


ater^ .... ^ = 0.905, 

1 — 1 

1 1 

II 

1 

Id 

0 

Id 

0 

alkaloid, [a]g = — 289.9® 

“ . .. . r — 1.087, 

[«]J? =— 1971: 

“ [^]S = — 282 3 

“ .... r = I no, 

[«]gs = — 1967, 

“ [o:]gs = ^ 281,7 

“ ^=1437, 

[«]« =-1974, 

“ [cr]g = 282.8 

“ 1.563. 

[«]i‘ = — 200 I , 

“ [a];g = — 286.6 

“ . . . r = I 605, 

[«]2 = — 1992, 

“ [«32 = — *853 

“ . . 2 130, 

[a]g = — 197.0, 

“ [a:]g =r ~ 282 2 

“ .... ^ == 2,766, 

W'i ==- 1961; 

“ = - 280 9 


Formate, CigHagNjOg.CHgOji. White needles. 

* Water, o 4804, [a]jj =; — 163.8® , alkaloid, [rt:]5j = — 183.0® (p 167) 

Oudemaiis has also carried out investigations on the effect 
of alkalies (KOH, NaOH, BaO^Hg, NH3) on the 

specific rotation of cupreine.^ 

Quininej (Methyl ester of cupreine), OCHj 

+ 3H2O. Crystals ; melting-point, 172 8° ® 

Btber {d --= o 7296) . c == i 5 to 6, [a]g = — 158 7 + i 911 r 1 * 

Alcohol (97 vol p c ) ^ = I “ 10, “ =: — 145 2 + o 657 c 

Clilorof -alcohol, c =. 2, [cr]g = — 141 o ; $, = «~ 140 5 

Anhydride, CggHg^N^Og. Amorphous 
Alcohol (97 vol p. c ) ^ = 1, [a]2== — T70 5® , r= 2, ^ 169 25®')* 

Chloroform c=2, “ — 116 o® , 5, “ ^ — 106 6 J 

The following observations, a, b, and c, were made by 
Oudemans.” 

a. Absolute alcohol. Determinations for different concen- 
trations and temperatures • 


t 

I 

CT s= 2 

! 


( == 5 

c~ 6 

0 ® 

- 171.4 

— 169 6 

— 167.9 

— 166 I 

— 164 2 

— 162 4 

5 

1705 

168 7 

167 0 

165.2 

T63 4 

161.6 

10 

169.6 

167 8 

166.1 

1644 

1 162 7 

160 9 

15 

168.9 

167 I 

165.4 

163 7 

162 1 

160 4 

20 

168 2 

1666 

164 8 

163.2 

161.6 

1598 


1 Oudemans, p i66 

2 Rec trav, chim Pays-Bas, 9, 171 
» Gnmaux Compt reud,, 114, 672 

^ Hesse Ann Chem (I^iebig), 176, 206 
b Hesse Ib%d,, 176, 208, 

0 Ihidy 183, 44 

43 
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b. Aqueous alcohol, c= 1.62, t= 17“ 

Strength of alcohol in p.c.. 1000 94.9 93.5 905 833 739 65.1 


[a]o —1675“ 169-7 1704 1719 1743 1761 176.5® 

Benzene Toluene Chloroform 

c = 0.61 o 39 o 775 I 465 

[a:]g = — 136 — 127 — 126 — 117° 


Chloroform-alcohol mixture .... / = 0.7 to 2 3, [a:] 4 = 164,4° ^ 

Hydrochloride, CaoHg^NgOg.HCl + 2H20- I/Ong asbestos- 
like prisms. 

a. Water 1.54 to i 62 (calc as alkaloid), ® 

I^Id = — 133*7® (anhydrous) , alkaloid, [a]g = — 163 6°. 
Absolute alcohol c = 1.54 to 1.62 (as alkaloid), 

[a]g = — 138 0° (anhydrous) ; alkaloid, [ar]^ == — 169 0°.^ 

The following data, & to e, are by Hesse ^ 

^ 'Water ^ = ito 3, [a]g = - 144 98 + 3*15 

alkaloid, “ = — 167.41 + 4 71 

2 mol HCl + water, r = i to 7, “ = — 229 46 2.21 r, 

alkaloid, “ = — 280 78 + 3 31 r, 

Alcohol (97V0I pc) r — I to 10, 

[a:]z) = — 147 30 + 1 958 c — o 1039 ^ + o 00211 

c When aqueous alcohol was used, the specific rotation 
showed a maximum with 60 volume per cent, of alcohol. For 
== 2 and ^ = 15®, the following figures were obtained 
Alcoholic strength 

Vol. p c. 97 90 85 80 70 

[a]/) = — 143 86 — 160 75 — 168 25 — 174 75 — 182 27 

Alcoholic strength 

Vol p c 60 50 40 20 o (water) 

la]D — — 187.75 — 187.50 — 182,82 — 166.59 — ^38.75° 
Chloroform-alcohol mixture, c = 2, [q:]js = — 126.25° 

d. Chloroform. Anhydrous salt, ^ =z= 0.9 to 9 • 

[a]g = — 81.81 + 23 756 r — 3 9556 f::** -f o 2x98 

f. Dilute hydrochloric acid To i mol. of salt, n mol. HCl, 
c= 2. 

no 1 2 4 10 16 

= — 13875 —2232 —2257 —2236 --2x39 —209.5° 

1 I,enz Ztschr anal, Chem , 27, 549 
3 Oudemans Ann Chem (iiebig), 18a, 46, 

® Ibid^ 176, 210 
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Fuming hydrochloric acid, c= 2, [o'jg = — 158.8°. 

Diqtiinine Sulphate y (Cj,oH«^N202)2H2SO^ + 8H2O. Crystals. 

Alcohol (80 vol. p. c ) r = 2, — — ^62 95® ^ 

(60 “ ) r = 2, = — 166.36 

Water + 4 mol HCl r = 2, “ = — 239.2 

Chloroform-alcohol mixture. . - r = i to 5, “ = — - 157.5 + 0.27 ^ 

40 cc normal HCl + water. ... r == 8 (anhydrous), == — 229 03® ’ 

(C^H,*NA)iH,S0,+ 7V.H,0. 

Absol. alcohol, r = i 54 to i 62 (calculated as alkaloid) , salt anhydrous, 
= — 157.4° ; alkaloid [orjg = — 214 9® •'* 

Abjsol alcohol, r = i 3, = — 155 2® , ^ = 2.0, [ar]^ = — 158.4® * 

Quinine Sulphate y CaoHj^NaOa.HaSO^ + yH^O. Rhombic crys- 
tals. 

Water <: = i to 6, salt, [ar]g = — 164 85 + o 31 r , 

alkaloid, [cr]g = — 278.71 + o 89 ^ 

Alcohol (97 vol p. c.) . . . . ^ = 2, [a]g = — 134.75° ® 

“ (80 “ ) c^2y “ = — 14275 

(60 “ ) ^: = 2, “ =-15591 

Chloroform-alcohol mixture ^ = 2, “ = — J'sS 75 , 

Water r = 1.54 to 1.62 (calc as alkaloid), 1 ’ 

[«]y, = — 213.7° (anhydrous) ; alkaloid, [ay^ = — 278 1° 
Absol. alcohol r = 1.54 to i 62 (calc, as alkaloid), 

[a]J^ = — 134.5° (anhydrous) , alkaloid, [ar]}J = — 227 6° 

The specific rotation of alcoholic solutions, with ^ = 2, de- 
creases, with elevation of temperature, 0.65 for 1° C." 

Quimne Disulphate y + 711^0. Prisms. 

Water r = 2 to 10, [a]g = — 170 3 + o 94 ’ 

Alcohol (80 vol pc.) I, “ == — 154*5 j- 

“ (80 “ ) r = 3, Mg = -i53*3° J 

C,oH,,N,0,.2H,SO, + 4H,0. 

Water = 2 to 10, [a])S = — 155.69 + i I4r 

Alkaloid “ = — 284.48 + 3 79^ 

1 Hesse : Ann. Chem (I,iebig), 176, 213 
a Hesse /btd , 905, 219 
^ Oudemans Ididt iSa, 46 
* Oudemans. Rec trav chiin Fays-Bas, i, 27 
6 Hesse Ann. Chem (I^iebig), 176, 21s 
-« Draper. Am J Sci , [3], n, 4a. 

J Hesse Ann. Chem. (Liebig), 176, 217 
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I mol quinine hydrate + 3 mol H^SO^ + water to 100 cc., 
= I to 5. 

[a]^ (calc as hydrate) = — 246 63® + 3.08 c 
[a:]g (alkaloid) = — 287 72° + 4 19 r 

I moL sulphate + 2 mol. H^SO^ + water to 100 cc. c = \ 
to 10 

Salt [cr]g = — 1 71 68 + o 78^ , alkaloid, [a :] 2 = — 290 36° + 2 23 r 

I moL disulphate + i mol. H^SO^ + water to 100 cc. c = 
2 to 6. 

Disulphate [af]g = — 153 87 + 0 92 c, alkaloid, [a] 2 = — 281 15° + 3 ' 

Oxalate, (02011241^202)2021130^ + 6 Hfi I^ong prisms. 

Chloroform-alcohol mixture == i to 3, [or]g = — 141.58 + o 58 * 

Salt with j Mol Water of Crystallization 

Absolute alcohol <? = i 54 to i 62 (calc as alkaloid), 

[a]g == — 131 4® (anhydrous) , alkaloid, [cr]g = — 160 5° ® 

Qmmne Sulphonk Acid, C20H23N2O2 HSO3 + HgO. Prisms ; 
melting-point, 209° 

3 mol HCl -f water. . . . = 2 (anhydrous) [a:]g -= — 182.2® * 

Cupreine Ethyl Ester, CigHg^NaO OCaHg. White amorphous 
mass , melting-point, 160"^ 

Absolute alcohol [a]/? = — 169 4® 

Cupreine Propylester Sulphate, (CioH2iN20.0C3H7)2.H2S04 
+ 1V2H2O Crystals , melting-point, 223° to 224®. 
Concentrated aqueous solution of the salt dried at 100° : 

[a:]“ = — 229.5® fi 

Cupreine Isopropylester Sulphate, (CiaH2iNa0.0C3HY)2.H2S04 
+ H2O. Crystals , melting-point, 154° 

Concentrated aqueous solution of the salt dried at 125® 

= — 229.2° ' 

1 Hesse Ann Chem. (I^tebigr), 176, 1S2 
« Hesse. Ibtd, 176, ai8 
* OudemanS /die? , 1S2, 46 
Hesse* Ibtd, 367, 141 

t Gnmaux, Amaud. Compt rend, iia, 1364 
^ Grimaux and Amaud Ibid,, 114, 672 
7 Gnmaux and Arnaud . Loc cti 
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Cupreine- Quinine {Homoquinine ) , Ci9HaaNa03, 

4H2O. Triclinic crystals; melting-point, 177°. 

Alcohol r = 5, [a]z) = — 158® ^ 

Sulphate, (C,oHaaNaOa.CaoHa4NaOa)a.HaSO,+ 6HaO Color- 
less prisms. 

40 cc norm. HCl + 60 cc. water, ^ = 5 (anhydrous), = — 235 6°* 
Water with o 5 p c. H2SO4, ^ = 5, [tr]z) = — 209® ) * 

“ “ 1,0 “ ^ = 5, “ = — 220 ) 

Nitrocampkor Quinine, CgoHa^NgOa + 2C^oHi4(N02)0 + H^O. 
Needles; melting-point, about 131 (decomposes). 

Alcohol / = 2 72, [a]y == + 45 9° * 

Acetyl Quinine, Prisms; melting- 

point, 108° 

Alcohol (97 vol p c ) c — i, [u:]g = — 54 3° ) ® 

3 mol HCl + water r=2, “ =r — 114.8 J 

Propionyl Qtcinine, C2oHa8(CgH60)N202. Rhombic prisms; 
melting-point, 129°. 

3 mol HCl -f water r = 2, == — 108 8® « 

Apoquinink, + 2H2O. Amorphous , melting- 

point, 160° (turns brown) 

Alcohol (97 vol p. c ) r == 2 (anhydrous), [ar]g = — 178 

3 mol. HCl + water c = 2 “ “ = — 246 6 j 

Alcohol (97 P- c ) c=o 7877, == — 217 I® « 

Diacetylapoquinine, Ci„H2o(CaH30)aN20j5. Amorphous 

Alcohol (97 vol p. c.) = 2, [u:]^ — 61 8®)" 

3 mol. HCl + water r = 2, “ — 107 5 j 

Hyd'^ochlorapoquinine,, CigHjgClNaOa + 2H2O. Flakes , melt- 
ing-point, 160®. 

Alcohol (97 vol p c ) . . . = 2 (anhydrous) , [cr]}5 = - 149^ J 
3 mol. HCl + water c^i — 245 7 ) 

1 Howard, Hodgkin J Chem Soc , 41, 66 , Bcr d cheni Ges , 15, Ref W 9 

2 Hesse Ann Chem. (I^iebig), aas, 104 

® Howard, Hodgkin J, Chem Soc , 41, 66, Bei d chem Ges , 15, Ref 734 
* Cazeneuve * Bull soc. chim , 49, 97 

6 Hesse Ann Chem (I/iehig), 205, 317 
« Hesse Loc, cti , p 358, 

7 Hesse Loc, at , p 323, 

® IVippmann Ber d chem, Ges , 28, 1972 
« Hesse, p 337. 

Hesse, p 341, 
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Chitfninf, CiyHjaN^O^ + 4H2O. Crystals 

Alcohol (fif = 0 958) ....^ = 0.1093, ^ = <^*9595» — 142.7°* 

QuinicinF, Amorphous; melting-point, 60^. 

Chloroform c = 2, [a:]g — + 44 1° * 

Oxalate^ + gHjO Crystals 

Chloroform-alcohol mixture. . - <; = i to 3, = + 20.68 i 14 ^ 1 * 

Water ^7 = 2, “ = + 9 54 

Water + 2 mol HaSO* = 2, “ == + 15 54 

Quinidinf (Conqumine), CgoHa^NgOg. Crystals (from ben- 
zene) ; melting-point, 171 5® (corn). 

I vol. alcohol (97 vol. p c ) (^ = 21, = + 269.7° ) ^ 


+ 2 vol. chloroform J ^ == i 06, [a:]g = + 274 7 j 

Benzene i 62, “ == + 195.2 

Toluene = i 62, “ = + 206,6 I 

Chloroform c = i 62, “ = + 228 8 J 

Alcohol (wt, pc) 100.0 95 3 90 5 85 o 80 0 75 o') ® 

M2== +2554® 2576 2590 259.4 2593 259.4! 

Alcohol (97 vol p c.). -- ... ^ = it0 3, [a]g = + 269 57 — 3 6oir'l T 
Chloroform ^:=I7S6, “ =-1-23035° J 

Alcohol, [of]^ = 268 6° ; methyl alcohol, [a'jy = 257.5°. 


WyroubofE® explains this difference by formation of alco- 
holates: (CaoH,,NA)CH,0, M, = + 236 1 ° and (C,oH,,NA) 
CaHA M,=+ 235 3". 

CaoHj^NjOj + sVjHaO (from water) : 

Alcohol (97 vol. pc) ^ = I to 3, [a:]g = -j- 236 77 — 3 01 ® 

“ (80 “ c = 2, “=4-2327° 

Chloroform-alcohol mixture i, “ = + 244 5 

“ “ “ ^ = 2, “ = + 24175 

Neutral Hydrochloride^ C2oH24Na02.HCl +• HgO. Asbestos- 
like prisms 

1 Skraup Ann Chem (I^iebig), 199, 352 ' 

2 Hesse Jbids 178,260. 

3 Hesse, p 261 

* X,enz Ztschr anal Chem , 37, 571 
B Ondemans , Ann Chem (I^iebig), 183, 44 
B Oudemans. Ibid^ 183,48 
7 Hesse Ibtd , 176, 203 , 183, 128 
3 Compt rend , 1 15, 832 
» Hesse Loc cit 



AI^KAI^OIDS 


u/y 


: I to 5 , 


‘ = + 292,56 

‘ = + 338.37 


3.09^ 


4.52^ 

-f 212,0 — 2.56 C 
H- 230,25 


Water ^ i to 2, [a:]§ = H- 205,83 — 4,93 f -j ’ 

Calculated for alkaloid, “ = 240.45 — 6.60 r | 

Water + 2 mol, HCn ^ 

for I mol. alkaloid J 

Calculated for alkaloid 

Alcohol (97 vol p, c ) = 2 to 5, 

" (80 “ ) r=2 

C,„H,,N,0,.HC1 + 2H,0. ^ = 2,0 (anhydrous) • 

Alcohol 

Water, Abs alcohol (90 5wt p c ). 

Salt (r == 1.58 alkaloid), [a]j; = -f 190.8® 199*4^ 213 0® 

Alkaloid (calc.) “ =4-233.6 2441 260.7 

Acid Hydrochloride, CaflHjj^NgOa 2 HCI + HgO. Prisms. 

Water r == 2, = + 250.3® ® 

Neutral Sulphate, (CgoHj^NaOjg.HgSOi + 2 HaO. Prisms. 

Water ^ = i [a]g = + 179-54° 

alkaloid, “ == + 215.55 

4 mol, HCl + water, c = 2 (anhydrous), 286.4 

alkaloid, = -f- 329.S 

5 mol. H2SO4 + water, ir= 2 (anhydrous), “ = + 281 

alkaloid, “ = + 323 

Absolute alcohol. . . . ^ == 2 8 (anhydrous), [ar]^ == -|- 211.5 

alkaloid, “ -= -j- 255 2 

Alcohol (80V0I, pc.) r = 2, [^]3 — + 218 2® 

“ (60 “ ) ^ = 2, “ = 4. 227.0 

Chlorof.-alcoholmix. r = 2, “ “4209.25 

Chloroform ==: 3 (anhydrous), “ -- + 1842 

“ ^■ = 5, “ ” 4 180 1 

Acid Sulphate, CaoHjj^NjjOj.HgSO^ H- 4H,^0. Asbestos-like 
needles. 


Water 

2 mol H2SO4 4- water 

Alcohol (97 vol p. c ) 


^: = 2 to 8 , 
alkaloid, 

^ = I to 10, 
alkaloid, 

C=z2, 


[cr]j^ -\ 212 o —08 cY 
= 4- 323 23 — I 86 r 

“ -■=: + 215 49 — I 41 ^ ' 
“ -- 4 328 55 — 3.27 c 
“ -H 183® 


Nitrate, C^oHjj^NgOa.HNOa. Short thick prisms 
Absol. alcohol, ^ = 2 17, = + 199.3 , alkaloid, [cr])5 — -h 232.6® 

1 Hesse Ann. Cheni (I,iebig), 176, 225 
- Ondemans Ibui , iSa, 49. 

3 Hesse - Loc cti 

4 Hesse. 

6 Ondemans ' 

0 Ondemans Zoc ciU 



68 o 


CONSTANTS OF ROTATION OF ACTIVF) BODIES 


Oxalate^ + HjO. Very small crystals. 

Chloroform-alcohol mixture ... r = i to 3, [or] ^ + 189 o — 2 18 ^ ^ 

Acetyl Quimdine, C2oHa,CC2H30)N20j Amorphous. 

Alcohol (97 vol p c ) . . . . £• -= 2, — + 127 6® ] * 

3 mol HCl + water = 2, “ = -j- 158.6 J 

Apoquinidine), Cj^H^aNaO, + 2HaO. Amorphous ; melt- 
ing-point, 137°. 

Alcohol (97 vol p c.) = 2 (anhydrous), [o:]g = -|- 155.3® V 

3 mol HCl + water c = 2 “ “ =r= -|- 216 5 j 

Diacetylapoquinidine, Resin ; melting- 

point, 60°. 

Alcohol (97 vol p c.) = 2, [< 3 r]g — 4 - 404® \ * 

3 mol HCl 4“ water r = 2, “ == + 78 4 j 

Hydrocklorapoguinidi 7 ie, 4*- 2HaO. Crystals , 

melting-point, 164° 

Alcohol (97 vol, pc.) c=: 2 (anhydrous), [o:]g = 4- 203.7® 

3 mol. HCl 4 - water c = 2 “ “ = 4 * 258 4 f 

Diacetylhydro chlorapoquinidi^ie, ( C2H30)2ClN20a 

Rhombic leaves (from ether) ; melting-point, 168*^. 

3 mol HCl 4 - water ^ = 2, [ur]g = + 94.6® “ 

Cinchonine), CigHjaN^O Crystals ; melting-point, 255 4® 
(corr.) 

Alcohol (97 vol p c.) ^==0.5, [or] g = 4- 226.26® 

^=1, “ = 4- 225 96 

Chloroform-alcohol mixture.. .. t:== i to 5, ==4- 238 8 - 1.46 r 

Absolute alcohol ^ = 0.5 to o 75, [a:]g = 4 - 223 3® » 

Chloroform c = 0.455, “ = 4 - 214 8 

“ <?== 0.535, “ =4-2123 

■* c = o 5^0, ‘ ‘ = 4“ 209 6 , 

Chlorof -alcohol mixture p=i o6t, = i 2508, = 4 - 239.40® •, 

“ “ “ i>==2 123, fl?« = = i 2497, [or]g = = 4-234.55 f 

Absolute alcohol <; = o 4715, [u:]], = 4- 222.92°^^ 

^ Hesse 

2 Hesse Anu Cliein (I^iebig), 205, 31S 

3 Hesse Idid , p 326 
* Hesse Ibtd>^ p 327 
B Hesse Ibtd , p 343 
0 Hesse Ibtd , p 352 

7 I^enz , Ztschr anal Chem , 37, 572 
^ Hesse Ann Chem (nietng), 176, 228 
Oudemans Ibid „ 183,44 
w I^enz Loc, at 

u pum Wien. Monatsli Chem , 13, 683 
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From benzoyl cinchonine. 

Absolute alcohol 0.75, [a]g = + 233.1“ ^ 

Netib^al Hydrochloride^ CioHaaNjjO.HCl + 2H2O, Rhombic 
crystals. 

Water r = o 5 to 3, [a]g = + 165 50 — 2 425 c] “ 

alkaloid, “ == + 204.46 *—37 c 

2 mol. HCl + water ~ r to 7, “ = + 214.0 — 1.72 c 

alkaloid, “ -f 264.37 — 2.625 c 

Alcohol (97 vol. p. c ) = I to ro, = 179 8r — 6 3i4<? + o 8406^: > 

— o 037T r® 

“ (80 “ )^7=2, ‘*= + 188.9“ 

“ {60 “ )^=2, “ = + 195-5® 

Chlorof. -alcohol mixt ^7=2, “ =+152,0 

Acid Hydrochloride^ CjgHggN^O 2HCI Prisms. 

Water 3, == + 206 1° 


Neutral Sulphate, (CjgHg^NaOa.HgSO^ + 2.B.J3 Moiioclinic 
crystals. 


Water - ... 

2 Vi mol HiSO^ H- water. . 

Alcohol ( 97 vol p c ) 

“ (80 “ ) 

“ (60 “ ) . .. 

Chloroform-alcohol mixture. 


= I to 2 , 
alkaloid, 
r == o 5 to 6, 
alkaloid, 
r = 3 to 10, 
r=: 2 , 
r = 2, 
t = 2 , 


Ca]3 = + 170 3 — o 855 f 
“ = + 206.79 — I 26 ^ 
“ = + 2ig 10 — I 85 c 
“ ™ + 266.07 — 2 69 ^ 
“ == + 19329 — 0374 r 
“ = + 202 95 
“ + 204 14 

“ - + 1S5 25 


According to Wyrouboff,® the sulphate and selenate of cin- 
chonine (My = 234®) take up one molecule of crystallization 
alcohol from alcoholic solution. 

(C„H,,N,0),H,S0, + C,H„0, [a], = + 185° ; 
(C„H,,N,0),H,SeO.+ C,H„0, “ = + 182 5°. 

Oxalate, (CijHjjNjO)jC2HjO* + 2HjO. Prisms. 

Chloroform-alcohol mixture. ... e=ito3, [«]« = 165 46 — 0.763 f • 

WyroubofiT gives, also, the constants of rotation of ancho- 

1 I^^ger Compt rend., 117, no 

2 Hesse Ann Chein (I^iebig), 176, 230 

3 Hesse Ibtd.y 276, gi 
Hesse, Ibidy 176, 231 

6 Compt rend , 115, 832 
0 Hesse Ann. Chem. (Ltebig), 176, 232 
T Ann, chim pbys., [7], i, 5 
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nine salts which have separated from different solutions com 
bined in crystalline form with part of the solvent 

Ditsobutylctnchom 7 iehydrohromide^ CjgHjjgNgO C^H„Br -|- H2O 
Melting-point, 176° 

Water / = i» [«]g == + 125® ^ 

Acetylanchonine, C^qH^i ( CgHgO) N^O. Amorphous 

Alcohol (97 vol pc.)- •* ^ = 2, [or]j5 = + 114 1° 

3 mol HCl + water ^=2, + 139,5 j 

HydrochlorancJioninedihydrochloridey CjjjHjjjClN^O . 2HCI. 
Monoclinic crystals 

Water = 3 . = + 185.9® ) ® 

1 mol HCl + water ...^=24 “=-j- 187 ) 

y^-CiNCHONiNE. CjgHgaNgO. Probably identical with one of 
the bases made by Jungfleisch and L^ger (see below ) . Crystals ; 
melting-point, 250° to 252°, 

Absolute alcohol c—o 4715, [<2:]/? = + 195 77® * 

t^-CiNCHONiNF, CigHjaNaO Prisms ; melting-point, 150®. 

Alcohol (97 p c ) ^ = I, = + 125.2° ® 

2 mol HCl + water. . ^=1, “ = + 1769 

4 “ “ + “ .. ^=1, “ = + 1782 J 

^-IsociNCHONiNE (Cinchoniline) , CigHgaNgO. Anhydrous 
monoclinic crystals ; melting-point, 126®;® 125® to 127®;’^ 130.4® 
(corr.).® 

Absolute alcohol ^ = 3 i == + Si. 6° ® 

Alcohol (97 p c) r = I, “ = - 1 - 53 22 P" 

“ “ ^==05, [a:]jfi = + 50 3 1 

According to Hesse, this last value is wrong, because, as he 
finds, the rotation increases with increasing dilution, 

2 mol HCl -{- water <? = i, [a]^ = + 59 15® ) 10 

4 ‘‘ “ -f “ ^=1, “ = + 63 10 ) 

1 Vial . J pharm Cbim , [5], 30, 52. 

2 Hesse Ann Chem (I,iebig), 205, 321 
® Hesse Idul , 276, no 

* Pum Wien Monatsh Chem , 13, 683 
fi Jungfleisch, I^figcr. Compt. rend , n8, 31 
» Hesse Ann Chem (Uebig), 276, 93 

7 Comstock, Kbnigs Ber d chem Ges , 30, 2521 

8 Jungfleisch, X,6ger Compt rend , 106, 658 

® Hesse , 

10 Jungfleisch, I^6ger 
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C„H,jNjO.HCl H- 3or3HjO, Prisms; melt- 
ing-point, 226®. 

In pure aqueous solution, the salt with 2 molecules of water, 
forr 2.5, and the salt with 3 molecules, for £• = 4, do not 
rotate the plane of polarized light. 

Salt with 2 mol. H, 0 . 

3 mol IICI t water, r 4, [ojjj - -f 40.6° ; alkaloid, [a]}} --f-so.S®' 

Sail with 3 mol. HjO. 

Water c i, [«]J5 |- 5.0® 1 * 

2 mol. IICI I water c i, “ -| 59.3 ■ 

4 " '• 4 “ < r. ’• - + 63.1 J 

Prom this difference in optical behavior, Hesse concludes 
that <r-isocinchonine is different from cinchoniliue. 

Ckhr-(x-isodnfhi> 7 iine, C,„H,bC 1 NjO. Anhydrous colorless 
prisms ; melting-point, 172°. 

Absolute alcohol r -- r.868, [«]}? ■ |- 67.6“ " 

/S-I.sociNCiioNiNK (Cinchonigine), C„|HjjNjO. Prisms; 
melting-point, 123®. 

Aliaolute alcohol.... t i, [tr])? 53 'i 2 '’V 

“ " r 3. “ " -55-10 I 

Colorle.ss prisms ; melling-point, 128° (corr.). 

Alcohol (97 p. e.) I -I, - - 60 I® -1 f' 

" " t 0.5, L'l]/? —61.16 I 

2 mol. IICI I water <1, " -•-40 [ 

4 " “I “ <1. “ - 38.21 J 

Hydrochloride, C,„H,jN,O.HCl -|- H, 0 . J^risms ; melting- 
point, 201®. 


Wtttei 

i 

1 , 


- 68.10 

1 i 

t 

2 


03 

mol, IICI H water.* 

( 

- 2 


' 28,3 

a 1 “ .. 

( 

5 



5 “ “ 1 “ . , 

( 

2 


~ 27.9 

Olilorofoim 

c 

= 2 


' 149 


1 

a jungflel«ch, 

lltiaoe: Ann. Cliem, (Iviehig), 376, 97. 

4 HeBse: 360, 315 

>• JungileiHch, ledger. Compt. rend., vo6, 3>;8. 

^ HeBfle: Ann. Cheni. (X^cblg), 360t aiA. 
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As distinguished from all other di-acid cinchona alkaloids 
the rotating power of this alkaloid increases w’ith the concen 
tration. but decreases w’ith increase of acid 

C,5,H2,N,O.IfCl - 2 HhO Colorless, prismatic needles 
melting-i:>oint, 213" (corr.). 

Water r - i* [cr];s — 65 41° ^ 


CiNCHONiDiXE, Needles. 


Alcohol ( 97 p c. i • • • * r 0.75, [a]^ = -f 195.0® ^ 

Alcohol t- — o 75, = -r 201 4® j * 

2 HC! water x, 2289 | 

2 HCl - * / "= 1-5 ™ — 225 13 I 

4 HCl - “ />-=h “ ^ H- 226.3 ^ 

Apocixchoxixe* CiyH2.Np, Prisms , melting-point, 209®;'^ 
22.S". 

Alcohol 97 p c I t' = I, [or]g — -f- 160 o® ® 

2 raol HCl — water. - 2. ** = — 2125 

3 * * - < 2, “ = 212 3 J 

Chlurofunn mixture-... 4 ^3, “ -i- 1975 t 

\ltsolute alcohol*... -• i -- 1.56, Mg = -f- 159.7 ® 


Hxdfcchicridt\ C .H^N O HCl - 2H,0. Needles, 

Water - . c -0^06 [u]^. ^ ~~ 1390*, alkaloid, Mg = -f 171 9® 

u ox , ** ™ 13S 5 . “ *‘ = -f 17J 3 

0015 ----13^5: “ “=-1-1713 


Hx drch ornide. C. ,H.^N O. H Br -r Hp. Needles. 

Water t o o* ”6, > - — 126 2® , alkaloid, [£t]g = -f- 168 7° 

Nxdnv.did, C NO HI HO. Needles. 

Water . . . .406, [a] ' - — 1x72®, alkaloid, Mg = + 175 - 5 '* 

Suifhate NO^.HSO, - 3H,0. Needles. 

Water*. . - < ~ — 1300®, alkaloid, [tr]g = 164.0® 

i 'hicra^i , C ,H ,,N.O. HCIO , Needles. 

Wate-. . . , o [a]; = - 129 o® ; alkaloid, [a]g = -f 166.2® 

I.tirer rend , 106, :5'. 

- JaisjffieiKl- X*t|re^ * wj, *35- , Bull sx chim , 49, 747 
Coapt rend . iiS, 5;^ 

* He'»^ Ann Chetrt I,aetw« ao^, 

^ He%fle i a7^» 115 

• HcfHwe 

He^ ajli. 

*miem 3 knh Kec trar chrn I^aysrBa^ i, 175 
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Perchlorate, C„H„N, 0 .HC 10 . + H, 0 . Needles. 

Water « = o 0052, [a]g = + 124 9® ; alkaloid, [a]^=-|- 175.3“^ 

Oudemans' studied, further, the effect of acids (HCl, HBr, 
HNO„ HC 10 „ HC 10 „ CHA. C,HA. H,SO*, C,HaO„ H,PO,. 
O'! tiic rotation of apocinchonine. 

Acetylapocinchonine, C„H„(CjH, 0 )NjO Crystals 

Alcohol (97 vol pc.) c = 2, [a]g = + 71 4“ * 

3 mol HCl + water .... ^• = a, “ = + 97 9 / 

Chlorapodnchonine, C,aHaClN.O Needles , melting-point, 
197° 

Alcohol (97 vol. p c ) . . . r = 0.5, [a] g = + 205.4® I ’ 

3 mol HCl water r = 2, “ = + 208.0 / 

Alcohol (97 vol p C ).. .. t = 0.4745, [“12 = + 2ii°i 1 

“ “ c= 0.2655, [a]g = -t-2io i 

Neutral Hydrochloride, C„HjsClN,O.HCl + HjO Needles. 
Water r = o 0045, [a]g = -f- 165.9® ; alkaloid, [<r]^ = + 193 2° 

Acid Hydrochloride, AH^iClNjO.aHCl Pnsms. 

Water r = o 0197, [a]g = -I- 185 0“ , alkaloid, [a]g = + 226® 

Sulphate, (Ci,H, 3 C 1 N, 0 ),H,SO, -f 3 HA. Needles 
Water. ... c = o 005, [ar];g = A 156 6® , alkaloid, [«]>« = + 192 5® 

Nitrate, C, 3 H 3 ,C 1 N 30 HNO 3 . Needles 
Water c = o 005, [a]g = + 173 5® , alkaloid, [a]>« = -)- 194 8° 

Chlorate, C 13 H 33 CIN 3 O.HCIO 3 Crystals 
Water f = 0.005, [a]^ = + 155 3 ° , alkaloid, [a])«=-f 194 9° * 

On the effect of adds (HCl, HBr, HNO 3 , HC 10 „ HCIO,, 
CHjOj, CjHA> HjSO^, CjHAt HjPO*, C^HjOj) on the specific 
rotation of chlorapodnchonine, see paper of Oudemans.* 

Acetyl Chlorapodnchonine , CjjHj, ( CjHjO ) C 1 N ,0 Amorphous 
varnish. 

Alcohol (97 vol. p c ).... c = 2, [a]g = -t- 108.0® 1 » 

3 mol. HCl-)- water ... c — a, “ = -f u8 8 / 

1 Oudemans Loc cti 

* Hesse Ann Chcm {I,iebig), ao^, 33S. 

3 Hesse Tbtd » p 349 

■* Oudemans Rec. trav. cliim. Pays-Bas, f, 182 

* Hesse Ann Chem (l,iebig), aog, 354. 


r 
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DiAf’OcixcHONiXE, CJSJiifi,. Atnotphous. 

Alcohol i 97 vol. p. c ) - . . . c~ 2^ [or]g = + 20.0® -v ^ 

5 mol HCl water.... r =: 2, “ 4- 23 6 j 

Jungfleisch and Leger* look upon this body as a mixture c 
several bases, Hesse/ however, not. 


DtateiyUpocinchonine, Yellow varnish 

like mass. 

Inactive in 2 per cent, alcoholic solution. 

3 mol HC! - water = 2, [£r]g == -f 26.1® * 


IbOAPOCixcHoxiNE, C„H„X, 0 . Anhydrous prisms , melt 
iijg-point, 223' to 224'. 

Absolute alcohol c— 3, [«]g = 4- 186 2“ ® 


Apoisocixchonine, C„H„N,0 . Anhydrous white needles ; 
melting-point, 216®. 

Absolute alcohol r = 3, [o:]g = -j- 166.8° ‘ 

CMorapeisodnchonine, C„H„C 1 N, 0 . Anhydrous white 
needles ; melting-point, 203® 

-tbsoiute alcohol f = 3, [orjjs = -f- 189 8° 

Dikyd^ochloridt, C,,H„C1N,0.2HC1 Anhydrous crystals. 
<■ = 3. [a]g = -I- 172.5° ’ 


Hom^inchosixe, C„H,.N,0. Prisms ; melting-pomt, 251®. 

2 '<iJ chioroform -f- 1 vol absolute alcohol . . <r= 3, [£r]g =, .). 208 9° 

fhdrocklonde. C.,H«X.O.HCl -f 2 H, 0 . Needles. 

.\!cohol 97 vol pc.) c — 3, fa-]^ = 4- 159.70 

rhhydrxhlonde, C„H„N,0.2HC1. Prisms. 

" <• — 2 528. [or]'/, = 4- 198 50 » 

PsEfDOcixcHoxiXE. C,H.,NA Auhydrous white needles 1 
mfcltxng-pomt, 232® 

2 vol chlorofonn - nol. absolute alcohol. - . r = 3, [«]g = 4. 198 40 

He*. \aa Chea -tieb.*.. aoj, jy 
Cottpt rvad 114, iijp 
■* 'ixin Cb«m 274, 

IHd 

1.7 

•Birtiw aT^.ioc 

■ /m ^ 

* Heiic fhd ayi, 104 and 10^ 
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Dthydrochloride, CjjHjjNjO 2HCI. Prisms. 

Water c = 3. [«]g = + 189 3“ * 

a-OxYCiNCHONiNE, CjjHjjNjOj. Colorless flattened prisms. 

Alcohol (97 vol pc) X, [a]® = + 182.56“ 

2 mol HCl H- water f=i, Mg = + 210.76 

Hydrochloride, CjjHjjNA-HCl. Colorless needles , melting- 
point, 230°, with decomposition. 

1 mol. Ha -I- water r=l, [a]g = -|- 174-37° * 

yS-OxYCiNCHONiNE, C„Hj,NA- Needles; melting-point, 
273 °- 

Alcohol (97 vol p c.) c=x, [a]), = -f 187 14“ “ 

[q:]j,=-1-i88 8“* 

CiNCHOTENiNE, CjsHjjNjO, -|- 3H50(?). Crystals; melting- 
point, 197° to 198°. 

Chloroform-alcohol mixture- - r = 2, [«lg = -h 115 5° 1 ‘ 

2 mol HjSOi -4- water «: = 2, “ = -i- 175 5 J 

CiNCHOTENiciNE, CigHjoNjOj- Dark brown amorphous 
mass; melting-point, 153° (uncorr.). 

Water r = 2 614, [a]g = -4-09“® 


CINCHOTENIDINE, C„Ha,NPj + sHjO- Monoclinic pnsms ; 
melting-point, 256° (corr.). 

Water / = o 212 [or];^ = — 189“ ’ 

3 mol HCl -4- water. ■ r = 5 (anhydrous), [a:]g ■= — 201 4“ ® 

CiNCHOOTCiNE, CjjH^jNjO Tough yellowish mass. 

Alcohol (95 vol. p c. ) . ... c—i, [cr]g = - 1 - 48“ 

Chloroform c = 2 , “ = 4 - 46 5 / 

^ Hesse Ann Chem (I«iebig), 276, 107 and loS 
2 Jungfleisch, Xf£ger Compt rend , 108, 952 

2 Jungfleisch, I,6ger Compt rend , 105, 1257 , Bull soc chim , 49, 747. 

* Jungffleisch, I/ 4 ger Compt rend , X19, 1264. 

• Hesse Ann Chem (t/iebig), 176, 233 
2 Hesse Ber d. cbem Ges ,11, 1983 

7 Slcraup, Vortmann Ann Chem (I^iebig), 197, 240 

8 Hesse Ber d. chem Ges . 14, 1893 (note) 

» Hesse Ann Chem (I^iebig), 178, 262, 
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Roques obtained it in crystalline condition, and found . 

Alcohol [a]o = + 48 *5° I ' 

2 mol HCl water.... “ ^ + 2872 J 

Oxalate, (C..,H^N, 0 )AHA + 3(?)H20. Crystals. 

.Alcohol (97 vol pc) r = 2, [a]g = + 23 S° I ’ 

Chloroform-alcohol mixture ^ = i to 3, “ = + 23 i 

Water c = 2 , “ = + 22 6 

2 mol. H^SO* — water . . . = 2, “ = + 25 75 

CINCHONIDINE, Crystals , melting-point, 207. 


(corr, ) 200° to 201® 

210.5°." 



Alcohol (97 \ol p. c ) 

. r = I to 5, la 

]« = — 107.48 + 0 297 « 

“ (95 “ “ ) 

. r = 2, 

“ = — 11353 

-f 0 426 c 

'• (So •• “ ) 

r = 2. 

*• =—119.5 


Chloroform-alcohol mixture r = 2, 

“ = — 108.9 


Chloroform 

r=2, 

“ =- 83.9 


Absolute alcohol r -- 15 

2 25 

3 35 

4 

—110.0° 

109.6° 109.2° 

108 8® 108.4“ 

108 0° 

20 — 109 0 

108.6 108.2 

IO7.S 107.4 

107 0 

Alcohol (wt. p c ) 

100.0 90.5 

So 2 70 8 

60 0 

For i ~ I 54. [«]'3 = — 

109.6° 1150 

1178 120.4 

121 I 

Chloroform 

• c=i54S, [a];5 = — 77.3° 


“ 

• r = 3 4i, 

“ = — 740 


Chloroform-alcohol mixture 

. . . ^ =r I 1 to 2 I, [ar]g 4® = 

= — 107 9 

Chloroform 

^r = 4, 

Mg = - 

70 0°1 ® 

3 mo! HCl — water 

- ^ = 5. 

i( 

1746 J 


Hydrochloride y CiyHj,»N20-HCl + H^O. Triclmic crysta 


Water 

Water — 2 mol HCl - - • 

Alcohol i 97 vol p. c ) . - . • 

I So **’ ** ) • • • • 

Chloroform 

2 mol HCl — water 


..•=ito3, [a:]g = — 10534 + 0.76^ 


alkaloid, 
r = I to 10, “ = - 

alkaloid, = — 

^ = 3 . 

2, 

c = 2,85 (anhydrous), 
r= 10. 


= — 123 98 + I 05 ^ 
154 07 + I 39 
181 32 -f I 925 c 
[a:]g = — ro8.o° 

“ =-135.25 
“ = — 24 2 

1421“ 


1 Coiapt rend , lao, 1170 
^ Hesfte Ann Cbem (£«ietng\ 178, 263. 

” Jjaxx Ztschr anal Chem 37, 565 

* Hesse Ber d chem Ges « 14, 1S91 

^ Slctmup Vortmann Ann Chem (I«iehig), 197, 229 
« Hesse /btd , 17^, 219. 

" Ondetaans /kid „ iSa» 44. 

» ticnx Ijsk* at 

• Hesse Aas Chem (I^iehtg}, aog, 196 
Hesse /hd , 176, mo 
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Salt, C,aH,,N20.HCl + 2H,0. 

^V^ater r = i 54 to 1.62 (calculated as alkaloid), 

^ccy^ ^ _ 104 6® (anhydrous) ; alkaloid, 129.2° 

Absolute alcohol = r 54 to 1.62 (calculated as alkaloid), 

[^]g = — 99 9° (anhydrous) , alkaloid, = 123 5° 

Alcohol (89 wt p, c.) . ^ = 1.54 to I 62 (calculated.as alkaloid), 

[(ar]g = — 119.6° (anhydrous) , alkaloid, [£r]g = — I 47 7 ® 
Alcohol (So wt p. c ) . • <: = 1.54 to'1.62 (calculated as alkaloid), 
[<ar]2 == — 128 7° (anhydrous) , alkaloid, = ^59 


Neutral Sulphate, (CigH 22 N 20 ) 2 H 2 S 04 + 6HgO. Glistening 
prisms. 

Water .... r = i 06, [o:]g = — 106 77 , alkaloid, ^42 31° 


Salt with s MoL Water. 

Alcohol (80 vol p c ) 2, Mg = - 144 5® “ ^ 

Absolute alcohol r — i 54to 1.62 (calculated as alkaloid), *] 

[ay^ = -— 118 7° (anhydrous)’ ; alkaloid, [or]g =- I57 5® 

Alcohol (89 wt. p c ) . - ^ = I 54 to I 62 (calculated as alkaloid), 

[a]g = — 128 7° (anhydrous) , alkaloid, [or]g = — 171 S° 
Alcohol (80 wt p c ) - . f = r 54 to r 62 (calculated as alkaloid), 

[ar]g = — 131 2° (anhydrous) , alkaloid, C^r]g = — ^75 - 

Aad Sulphate, H,SO, + sHgO I.arge prisms 

Water ^ = 2, Mg = — no 5° , ^ * 

alkaloid, [or]g = — I77 95® I 
Alcohol (So vol p c ) - • . c — 2, [a]g ~ — 109 0° J 

Chloroform-alcohol mixture r = 2, “ = — loi o 

Disuiphate, C,gH,,NgO 2HgS0* + 2H,0 Small prisms 
Water, c = i to 7, [fl:]g = — 105 96 -f i 0267 c — o 03376 r* + o 00104 * 
Alkaloid, “ =—185 77 + 3 1557^ —o 00098 1 r'‘) 


Nitrate, HNO, + H,0 Large prisms 


Water ^:= i 54 to i 62 (calculated as alkaloid), 

[a:]g = — 99*9® (anhydrous) , alkaloid, [o:]g = — 126 3° 

Absolute alcohol i 54 to i 62 (calculated as alkaloid), 

[or]2 = — 103 2° (anhydrous) , alkaloid, [a]g = — 130 4° 
Alcohol (89 wt p c ) . - . r== 1.54 to I 62 (calculated as alkaloid), 

[o:]g = — 119.0° (anhydrous) , alkaloid, [o:]^ = — 150 4° 
Alcohol (80 wt p c.) . . 1.54 to I 62 (calculated as alkaloid), 

[ar]g = — 127 0° (anhydrous) , alkaloid, [or]g = — 160 4° 


1 Oudemans Ann Chetn. (lyiebig), 183, 46 
^ Hesse Ibtd , 176, 2^1 
3 Hesse * Ibtd , 176, 222 
^ Hesse Loc cit 

44 
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Oxalate^ (C,ftHa2N.p).CiHjO^ + sHp. Prisms 

Chloroform-alcohol mixture, ^ = i to 3, [or]^ = — 98 7® ^ 

Oudemans'* has made obsert^ations on the changes wh 
take place m the specific rotation of quinine, quinidine, c 
chonine and cinchonidine in presence of variable amounts 
HCl, HNO„ HCIO3, HC 10 „ H,SO,. H3PO,. HCHO„ 2 
Also similar observations on quinamine and c 
quinamine/ 

Wyrouboff* has published numerous observations on cincb 
idine salts, which, on cr^^stallizing from different solvents, cc 
bine with varying amounts of the latter. 

Aceiylcmchonidtne, C,.,HJ^(C,HgO)Np. Brittle mass; m< 
ing-pomt, 42°. 

Alcohol { 97 vol p c.) /: = 2, [o:]g = — 38,4®%® 

I mol. HCl 4- 'water c = 2, “ = — 66 6 I 

3 “ + “ ^ = 2, “ = — 813 J 

Ctnchmiidine Stdpkoiiic Acid, CjgHgiNgO.HSOg + Hg 
Needles ; melting-point, 225°. 

3 mol. HCl — water r = 2 (anhydrous), [q:]^ = -- 140® ® 

/?-CiNCHONTDiNE, Cij,H,Np. Crystals , melting-pon 
206° to 207°. 

3 mol HCl -f water c— i 25, [crjg = — 181.4° ^ 

Melting-point, 244®. 

Alcohol (^=07944) c— 05, [ap;j== — 171.5® 6 

>^-CiNXHONiDixE, Crystals, melting-point, 238 

Alcohol {^d = 0.7944) r ~ 05, [a]g = — 164.6® » 

Apocinchonidine, CjgH^Np Thin plates , melting-poir 
225*^ (turns brown). 

Alcohol (97 vol. pc) r = o 8, [o:]g= — 129 2° ^ 

3mol HCl— water... r=2 “ = — *160 4(fromcinchomdme) j 

3 r=2, = — 160 2 (from horn o cm - 1 

chomdine) J 

^ Hesse Ann Chem (I^iebig), 176, 222 
- Ibid^ i8a, 51 

“ Rec trav chim Pays-Bas, i, iS 
< Ann chim phys [7], i, 5 
& Hesse Ann. Chem (I*iebig), 305, 319 
« Hesse Ibid 267, 142 
" Hesse Ihid , 205, 32S (note) 

*> Neumann Wien Monatsh. Chem , 13, 660 
* Neumann 

^ * Hesse Ann Chem (l#iebig). 205, 329 
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Acetylapocincho 7 itdine^ ( CaH^O ) NgO. Crystals. 

Alcohol (97 vol p. c ) ^ = 2, [o:]g=—- 61.8®)' 

3 mol H Cl + water ^==2, ** = — 87,9 j 

Chlorapoanchojiidtne^ C^pHa^ClNgO. Thin plates ; melting- 
point, 200° 

3 mol. HCl + water ^==2, [<2r]*s— — 142.2® ^ 

lyeft-rotatmg in alcohol solution, also. 

Aceiylcklompocznckomdmey C^^Haa ( CaHjO) ClNaO. Prisms; 

melting-point, 150°. 

3 mol, HCl + water ^=2, [or]g = — 54 3® 

Homocinchonidinb;. Skraup,* also Claus and Weller,® con- 
sider this alkaloid as identical with cinchonidine, CjgHaaNaO. 
Melting-point, 205° to 206° 


Alcohol (97 vol p. c ) £=2y [orlg = 109.3° ® 

“ " c= 2 , “ = — 10731 ^ 

Chloroform 4, “ — — 70 o >■ 

3 mol HCl -H water c= 5, — 167.9 J 

Hydroc/ilortde, CiaHagNaO.HCl + HaO. Rhombic oclahedra. 

2 mol HCl + water c=io, [a']^ = ■— 139 0° “ 


Sulphate^ (CiflHa2N^0)a.HaS04 + 6HaO Prisms 
Two grams of the anhydrous salt are dissolved iu 20 cc of 
normal hydrochloric acid and diluted to 25 cc. with water. 

^=28 (anhydrous), Mg — — I37 9^“ ^ 

Acefylhomoaiichonidine^ CioH2i(CaH30)NaO. Brittle mass; 
melting-point, 42°. 

Alcohol (97 vol p c.) ^ = 2, [a:]g = — 34 0° 1 ® 

I mol HCl + water c^2^ ** = — 61 i j- 

3 “ “ + " ^*=2, “ = — 72,5 ) 

CiNCH0ivn;uP0Nic Acid, CgHigNO^ + HaO. Crystals , mell- 

1 Hesse Loc cit , p 338 

2 Hesse Loc cit , p 346 
» Hesse Loc cti 353 

4 Ber d. cliem Ges , 13, Ref, 933 
6 Ibid , 14, 1921 ^ 

« Hesse Jbid , 10, 2156 
T Hesse Ann Chem (I#iebig), 305, 203 
8 Hesse Ber d chem Ges., 14, 1891 
8 Hesse Ann Chem (I^iebig), aos, 320 
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ing-point, 126° to 127® (hydrated) ; 225® to 226® ^ (anliydrot 
221® to 222° * (anhydrous). 

Made by oxidation of . 

Cinchomne Water, ^: = 4, = + 30*0^)° ) ’ 

Chitenine ^=4» “ === + 30*25 i 

Cinchonidine ** ^=4, “ = + 3017* 

Qumidme * ‘ ^ == 4 > “ = + 3 ° 9 ® 

Hydrochloride, CgHigNOi.HCl Triclinic prisms; melti 
point, 193° to 194®- 
Made from . 


Cmchonine 

. Water, 

C=4, i? = 20°, 

[«>== + 37 75 °' 

Chitenine. . . 

(( 

c— 4 ., i = 23 

“ = + 340 , 

Cinchonidine . 

( ( 

II 

A. 

ts. 

II 

10 

0 

“ = + 40 2 * 

Qmnidiiie 

( t 

11 

11 

K> 

0 

“ = + 396“ 

Cinchonicine . ■ 

(( 

II 

11 

10 

0 

“ = + 3S6i' 

Qiiimcine 

( ( 

i:=r-4, i?=20 

“ = + 356^ 


Aricine, Crystals ; melting-point, 188®. 

Ether {6? =0 72) r — ito2.5, Mg= — 94*7®)“ 

Alcohol (97 vol. p. c.) . . • r ^ I, “ = — 54 i J 

No rotation in hydrochloric acid solution 

CuscoNiNE, C^gHaoNgO^ + aH^O Crystals, melting- poi 
no® 

Ether (flr = o 72) r=i, [«]g = -- 27 1° 1 " 

“ “ c=^ 2, = — 26 8 I 

Alcohol (97 vol. pc) ^ = 2, = — 54 3 ) 

3 mol HCl 4 * water c = o5, = — 71 8 J 

• CONCUSCONINE, C^gH^eNgO^ + Hp. Monoclinic crystal 
melts at 144®, then solidifies and melts again at 206° to 20? 

Alcohol (97 vol pc) ^:=2, + 36.8° 

“ “ 0=2, “ = + 4 o.8°^i 

I Skraup Monatsh Cheui , lo, 46 

s Scliiaiderscliitsch Wien Monatsh Chem , lo, 60 

3 Skraup 

4 Schniderschitsch 

* Wurstl Wien, Monatsh Chem , 10, 70 
B WUrstl 

f Skraup, Wurstl Wien Monatsh Chem , 10, 226 
« Hesse Ann Chem (I^iehig), 185* 313. 

» Hesse /67a , 185, 303 . Ber d. chem Ges , 16, 61 
Hesse Ber d chem Ges , 16, 61 

II Hesse Ann Chem (I^iebig), 225, 236 
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OL-Concusco7tinemethylsulphate^ (CgsHggN^O^ CHg)2,S04 (at 
120°) Amorphous. 

Water ^ = 3 764 (anhydrous), [a]g =: + 73° 

P- Concusconinemethylsulphate^ ( C 2 gH.^gN 204 . CHg).^, SO4 (at 
120®) 

A 2 per cent, aqueous solution was optically inactive.^ 
Quinamin:^, CigHa^NgOg. I<ongprisms ; melting-point, 172®. 


Alcohol (96 (>)vol p c ). .. . 


[«]g == + 106 8“ ’ 


Alcohol (97 vol p c ) 


Mg = + 104 5° 1 


I mol. HCl + water. 


+ II6.O 

■ 

3 “ “ + “ 

^=2, 

= + II7 2 J 


Chloroform 

^=2, 

C«]g = + gs-so** 

Absolute alcohol 


1 — i 

btn 

11 

+ 

M 

0 

■IS. 

0 

5 

i( (< 


“ = + 103 9 


C( (( 

^'= 1 * 494 , 

■■ = + 102.8 


It cc 

1.774, 

~ + 100.7 


Alcohol (90 wt p c ) 

Cz=zX 648, 

“ = 4- loi 5 


Absolute ether 

^=0458, 

“ z= 4- I2I 4 


<( (i 


“ = + 1199 


Chloroform 


" =+ 949 




'■ =+ 940 


C( 

if =2.235, 

“ == + 93 3 


Benzene 

. ... if =0056, 

“ = + 993 


(( 

1.489, 

** = 4- 100 9 J 


The influence of acids (HCl, HNOg, 

HCIO,, HC,H, 0 „ 

HCHO,, H,SO*, H,CA. 

HgPOJ on the 

Specific rotation is 

discussed in these papers. 




Hydrochloride, C„H„N, 0 ,.HC 1 + H, 0 . 

Prisms. 


Alcohol (97 vol. p c.) 

'^=2. 

= + II8 I”-! ’ 


Water 


= + 100 0 J 



HycLrobromide. CiftHnxNaOo, HBr + H.O. Prisms. 
Water 1: = 4, [a]g = + 88 » 

Hydrozodide^ HI Crystals. 

Absolute alcohol c^i 068, [a]^ == + 92.5® ■) 

“ “ ^ = I 644, “ = + 944 I 

“ .... ^:=2 3io, “ = + 958 J 

^ Hesse Ann Chem (I/iebig), 235, 241 
3 Hesse Ibid , i6d, 272, 

•s Hesse Ibid , 307, 307 
* Hesse Ibtd , ipp, 337 

« Oudemans, Ibtd^ i97> 54 1 Rec trav cbim Pays-Bas, i, 22 to 24 
® Hesse Loc cti 

f Oudemans Ann Chem. (X^iebig:), 197, 60 
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Nitrate^ HNO3. Monoclinic crystals. 

Water c~q^ 997, [o:]^ = + 96 8® ^ ^ 

^^=I934> “ ==+ 97.0 

Absolute alcohol c = o 9945, “ ~ + 109.2 

“ ^:= 2.036, “ = + 1096 ' 

Perchlorate, CigHa^NgOg HCIO^. Anhydrous crystals. 

Absolute alcohol c^o 709, [orlj® = + 99*3° \ * 

“ “ ^ = 21335, »=+ioi8; 

Qxjinamidinf, C19H24N2O2 Wart-like bunches; meltin 
point, 93® (notcorr.). 

Alcohol (97 vol p c.) ^ = 2, [or]g = -(-45®” 

Hydrochloride, + H^O. Prisms. 

Inactive in 2 per cent, aqueous solution/ 

Quinamiciot, Crystals ; melting-point, loc 

(uncorr.) 

Alcohol (97 vol. p. c ) r = 2, [a:]g = + 38.1® | ^ 

3 mol. HCl + water ^ = 2, ** = -j- 47 o / 

Apoquinamink, CigH^aNgOCat 100®) Crystals, meltiu) 
point, 1 14® (uncorr ). 

Inactive m 2 per cent, alcoholic solution. 

1. 1 mol HCl + water = 2, [a]g = — 28 4® "v ^ 

3 " “ + “ ^=2, ‘‘ =--291 . 

10 “ “ + “ ^ = 2, ‘‘ = — 30.0 . 

Acetylapoqninamine, Ci9H2i(C2H30)N20 (at 100®). Amo] 
phous. 

Alcohol (97 vol p c.) ^=2, [o:]g ==: o® -k ^ 

10 mol. HCl + water e: = 2, “ = — 31 2 J 

Hydrocihchonidin^, CjgHj^NgO, according to Forst an- 
Boehringer,® is identical with Hesse^s cinchamidine. Crystals 
melting-point, 229° f 230®.^ 

Alcohol (97 vol p. c ) ^ = 2, [ayj = 98.4® » 

1 Oudemans Loc , p 58 

2 Oudemans Loc cit^^ 59 

* Hesse Ann Chem (I^iebig), aoj, 307 

* Hesse Loc cti 

Ber. d cliem. Ges , 15, 520 
« Porst, Boehringer 
? Hesse 

* Hesse Ber d chem Ges , 14, 1683 
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The specific rotation is greater in acid solution. 

On fusing the acid sulphate, an amorphous modification of 
hydrociuchonidine is formed, which melts below 100°. 

3inoI. nci I water... <•-- 2, [<y]<5 - --12“' 

Hydrochloride, C„II„NjO.HCl sH^O. Prisms. 

Water f 2, [tr]}} 80.4® "I “ 

“ 15, “ 66.0 

" <-=S, « - 60.4 ■ 

2 mol. HCl + water ^ = 5, “ — 109.4 

Alcohol (97 vol. p.c.) c 5, " 72.4 

Neutral Suiphaic, (C,„H„N, 0 ),.H,S 0 , H- 7 H, 0 . Needles. 

Water c 2, [u’]}? -r - 75.2“ ■>» 

Alcohol (97 vol. p. 0.).. c 2, “ = --93.8 I 

Acid Sulphate, C„H„N,O.H,SO, + 4H,0. Prisms. 

Water < - - 4, [«]}? “ 92.7® “ 

Acetylhydfocinchomdine, Amorphous ; 

melting-point, 42“. 

Alcohol (97 vol pc.) t 2, [«]5, --295®")" 

3 mol. HCl f- ■water , 2, [«]))--— 50 9 j 


CONQUINAMINK, 

point, 123° (corr. ). 

Alcohol (97 vol. p c ) < 

Chloroform 

I mol. IICl I watei 

3 ■■ “I •• ••••.... c 

3 “ " I- " 

Absolute alcohol 

I( il 

K U 

«i l( 

U H 

(I II 

11 (( 

Alcohol (91 wt. p, c, ) • * • 

“ (80 wt p. c,).®. 

Absolute ether 

<1 ti 

tl u 


Triclinic crystals; melting- 


2. [«]); 

a, 

-1 204. 

1 I« 4.5 

1 

2 , “ 

2, “ - 

4 , 

1 229 I 
“1 230 u 
-1-2300 ^ 


0.1S025, 

[«])? ! 

205.1 

0.8195, 

“ 1- 

204| 2 


1 - 

203.5 

2.7115, 

“ 1 

202 6 

-- 3 * 154 , 

“ - 1 

203.0 

4.0 JrS, 

“ 1 20.1 I 

- 4.986, 

“ 1 203.5 

1 7595 , 

'■ 1 2043 

r.813, 

" 1- 

2055 

0*7655, 

1 192.7 

1.1515, 

-1 

190.6 

1.522, 

“ 1 

188. 1 


I Hesse . Ann Cheni. (Webig), 5114, 1. 

8 Hesse : Loc, at 
J Hesse, 

-i Hesse ' Anil Cheui. (Webig), ao9» 6H. 

« Ovulenians , Ibni , aop, 4<> ; Rec. tiav, chiin, Pays-Bns, 1, 23 to 25. 
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Absolute ethei • * 

(< i < 

r=i6iss, 

[«]g^ + 1890“ 
“ = + 190.7 
“ = + 190.5 
“ = + 190.3 
“ = + 176.1 

“ 4- T *72 8 

i( (( 


If n ^ ^ 

r = 4 6465, 

it 


ft 


— *1* ^76 0 
“ = + 171.2 

“ =: + 180 I 

“ = + 179 X 

«‘ = + 178 6 
“ == + 178.2 
“ = + 178 0 

Benzene 

< c 

* r — T 

(< 

• • t. _ ± 

M 


ft 



The influence of different acids on the specific rotation ( 
conqumamine is discussed in the same papers 


Hydrochloride, CigHaiNaOj.HCh Octahedral crystals. 

Water c = [a]g = 4 - 205.3®^ 

Alcohol (97V0I p c). . ^ = 4, “ =-f2o6 4 J 

Hydrobromide, HBr. Mouoclinic crystals. 

Absol. alcohol, ^ = i 162, [ctyj = + 182.7®; alkaloid, [af]]g== + 230 c 
“ “ ^=i 9935i “ = + i8i.o, “ “ = + 228] 

Hydrotodzde, ^0^,111, Crystals. 

Absol. alcohol, ^: = i.oii, = + 162 8®, alkaloid, [a^] 5 f = + 229 i 

“ “ £:=2 2I3, “ =4*1622, “ •“ =+2295 

Nitrate, CjgHg^NaOa.HNOv Rhombic crystals. 

Absol alcohol, c = 1.2685, [cjr]>J = 4 - 190 o® , alkaloid, = 4 228 6 

Chlorate, CigHg^NgOa-HClOg. Monoclinic needles. 

Absol alcohol, c^o 915, [<3r]^ ■= + 184 o® , alkaloid, [ar]^ = 4 234 0 

Perchlorate, CigHjiNaOg.HClO^. Monoclinic needles. 

Absol alcohol, j = o 710, [or]g = 4- 175 4 ®; alkaloid, [a] 5^ = 4 - 231.8 
“ “ ^=1.4755, “== + 175-0, “ “= + 2314 

Formate, CjgHaiNaOg. CHgOa Monoclinic crystals. 

Absol alcohol, c = 0.884, = + 195 8®; alkaloid, [cr]*® = 4 224 7 

^=1785, “ =+i93-Oi “ “ = + 2226 

Acetate, Tetragonal crystals. 

Absol, alcohol, c: = o 921, [o:]^ 181 0®, alkaloid, [a]^= *(- 215.8* 

“ ^=0.8395, “ =+179.0, “ — + 2135 

I Oudemans Ann Chem (I,iebig), 209 , 46 , Rec trav chim Pays-Bas, i, 23 to 25 
^ Hesse Ann Chem (niehig), 309 , 68 
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Oxalate, C„,H„NA-C3HA + 3 H« 0 . Rhombic crystals; 
juelthig-iioint, about 115°. 

Absol. nlcoliol, f 1.0315. L«] 5 i + 163.0°; alkaloid, [rt] 5 ‘ | 200.6° 

.. “ < 1.525, " -- I- 162.6; “ •' - ( 200-6 

HYDROjiirmiNK. AH„NA -I- 2H„0. Cry.stals ; melting- 

point, 172.3° (co"0- . , 

Clilorofonii-alcoholniixlme.... <• -2.49, [<«]}? ® —160.25 

Melting-point, i 68 ®. 

Alcohol (95 vol. p. c ) c -24, [«]}? —142.2° 

In 100 cc., 40 cc. of normal HCl ; 

t 2.4, [«]»; - - 227.1° » 

Neutral Sulphate, (C\H,„N, 0 ,),H,S 0 , 6 or 8 H, 0 . Color- 

less ireeclles. 

4mol. nci I <• 4 (anhydrous), Mjf 

^ .. I - 4 “ " “ i93.4‘‘l* 

^ alkaloid, " - -255.9°) 


Metfl Hydroqmnine, C,„H^N, 0 ,(C,H, 0 ). Vaniish-hke 

ma,s.s ; melting-iioint, about 40“. 

SUiol.lICl I wntei < = 3. M/5 --- 73 9°' 

HYDRoatTiNiciNM, Ycllowisli vaini.sli 

31110! IICl I water c - 3, [a]’? 17° ^ 

Dicinciioninu, C„H,,N ,0 ^ Amorphou.s ; melting-point, 40°. 

Alcohol (97 vol. p. c.) c- i.S»6. [^015 " I 917® 

3 mol. HOI I watei c - “ I 8“4 


Hydrochloride, C,„H^jN ,0 HCl. Prisms 

Water < 5 . [«]/ 1 -- 1 58 . 7 °" 


Paricine, C,„H,„Np -I- I’/AO Yellow powder ; melting- 
point, 130°. The alcoholic solution is inactive.'’ 

Geissospermine, C,„HjjN,Oa -|- HjO. Small prisni.s , melt- 
ing-point, i6o“, with decompasition. 

Alcohol (97voLp. c.)‘ ^ 1.5 (tinhythoius), 93*4 

t lyCiJ^^ ; Ztfsclu . aiml. Chem., a7i 
3 Hesse : Amu Chew, (ryiebifir), 34*1 
8 Hesse ; »ei. d. cliem, Ges , 15, 

1 He<jse. Ann Chem. iU&hig), a4i» arti. 


Hesse . Lor, cU,^ p. 278. 

« Hesse • Lor, <’//., p. 274 
f Hesse; Amu Chem (Tytcblfi:), ”9* 
a Hesse ; /bid,, aa7» IS3* 

0 Hesse * Ibid,, t 66 , 263. 
i<» Hesse , Bei\ cl. chem. Gcs , lo* 2ir>4, 
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CiNCHONAMiNE, CjoHg^NgO Glistening needles ; melting 
point, 184° to 185®. 

Alcohol (97 vol p. c ) c~2y [o:]g = + 121 ^ 

According to Arnaud,^ C<^]i)== + in alcoholic split 

tion (93 percent.). Melting-point, 195°. 

Neutral Sulphate, Prisms. 

Water ^*=2, [cr]g = + 36.7® y** 

" ^ = 6, “ = + 39.8 \ 

1 mol. H2SO4 + water. . . = 2, “ = + 39 6 J 

2 “ - + “ .. ^ = 2, “ = + 35 7* 

I » “ ••^ = 3 , “= + 43.5' 

Aad Sulphate, CigHj^NjO HgSO*. Prisms. 

Water c^2, [a:]g = + 34.9®!® 

^=6, “ =- + 374 ) 

Chairamine, CaaHaaNaO^ + HjO. Crystals ; melting-point, 
233°- 

la]n = about + loo® ‘ 

CoNCHAiRAMiNE, CaaHggNaO* + HgO + CgHgO (from alco- 
hol) Prisms; melting-point, 82® to 86° ; 120° (anhydrous). 
Alcohol (97 vol p. c ), ^ = 2, (alcohol and water-free), [o:]=g==+ 68 4® ® 

Chairamidine, CaaHagNgO^ -+ H^O. Amorphous , melting- 
point, 126° to 128°. 

Alcohol (97 vol. p c.) r = 3 (anhydrous), [orjg =: + 7.3® ® 

CONCHAIRAMIDINE, + HaO. Crystals ; melting- 

point, 114° to 115° 

Alcohol (97 vol p c) ^=3 (anhydrous), [o:]g = — 60® 

Alkaloids of Coca Leaves 


4^-Ecgonine, CgHigNOg. Crystals ; melting-point, 254°. 

The constitutional formula of Hmhorn and Tahara” contains 


1 Hesse Ann Chem (I^iebig), 220 

2 Compt rend , 93, 593 

3 Hesse Loc cti , p, 224 

* Hesse Ber d chem Ges , 16, 62 
^ s, AmauA. Cggpt rend , 97, 174 

7 a:esse 

* 8 Hesse Loc ciU^ p 2148 

h s Hesse Loc cti , p 254 % V 

. 10 Hesse Loc at , p 256 

if 
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three asymmetric carbon atoms (compare ]Binhoni’), while 
that of Merlitig* has four such atoms. 

/ fydm'hloridf, C„H,|,NOa.HCl. Mouocliuic hemimorphous 
crystals. 

Water p ~~ 4.4, [a];), - -|- 18.2® • 

.Utihvl lister, C„H,4NO.,.CHi,. Prismatic crystals ; melting- 
ixiint, 115°. 

Dilute alcohol ^-=6.22, [a]% - ^ 22.5®)^ 

“ " p 6.2s, •' -- -h 22.4 ) 

Isovaletyl-d-Ecgonine Methyl Ester Hydrochloride, C,H ,0 
CVInNOa.CHj.HCl. Thin leaves ; melting-point, 192°. 

Alcohol c - 2.01, [«]'„ -[- 25.4® ® 

CinnamyUd-Ecgonine Methyl Ester Hydrochloride, C,H ,0 
C,n,,,N(),,.CH,.HCl. Needles ; melting-point, ise® to iSS”. 
Alcohol t. 2. II, [tt]*, - -1-47.4“* 


Derivatives of Bcnzoyl-d-Ecgonine 

Methyl Ester ((f-Cocainc). Constitution • Einhoni,’ two 
a.symmetric C atoms; Kinhom, Tahara," three asymmetric 
C atoms, C,H,N.CH,.CH,.CHO(CO.C,H,)CH,.COOCH,. 

Hydrochloride, C„IIs,NO,HCl. Mouocliuic plate, s ; meltiug- 

ixiint, 205®. 

Alcohol (rf" 0.9353) c -1.9, [n:]-;;=r -| 39 47“" 

Ethyl Ester Hydrochloride, C,„Ha,NO^.HCl -|- H, 0 . Plates, 
melting-point, 215°. 

Walei c ; 2, [<*]',-' +40“ 

Propyl Ester Hydrochloride, C,„H35N0;.HC1 -|- H, 0 . Prisms ; 

melting-point, 220“. 

Water 2.6, [«];, -| 46.2® 

1 Ber. tl chein. Oes., w, i 495 

* 94 i 

* £tlnhoni| Mttfqiiattlt, Koch • /fiid,, 93 1 468 

* Jl^ebertiittun, Gic«el ; /<!«/., 33, 926 

ft DeckerH, KiJ»born : M/rf., 7 * 

ft DeckcrHi Ktnliorii. 

7 Ben <]. chein. Och., ai, 3039. 

« /fitfi,, ad, 324 

fl Eiiiboin, Maiqunrclt : /fiid.t aa. 4^^, 
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Butyl Ester Hydrochloride, C«,H,,N(),.nCl | 11 , 0 . Fine 
matted needles; melting'-poinl, 2 oi®. 

Water... {• 2,5, [a],;, | (ffi" 

Amyl Ester Hydrochloride, C„|H,,|N 0 ,.HC 1 . l^'inc nuittvd 
needlas ; melting-point, 217°. 

Water c 2.2, [n];, | 3H.6® ' 

/-Ecgonink HvnRocni.oHinK, C„H, 5 N(),.ncI. I'riclinic 
plates; melting-point, 246 °. 

Water [«]/» 57® - 

Cmnamyl-l-ei^oninc Methyl Ester, C„II,O.C„n,,,N(),|.CIIa. 
Crystals; melting-point, 121°. 

Clilorofonii i ni, [a]« 'I.?”'' 

Hydrochloride, C,„H,„N0,.HC1 -[• 2H,0. Ciystals ; nidting 
point, 176°. 

Water c 66 (anhydrous), 104. i ^ 

BensoyU-ecgoninc Methyl Est€ 7 ^ (/-Cocaiiae ordinary 
cocaine), QH,N.CH,.CHO(CO.C„H,)CH,.COOCn,. Mono- 
clinic prisms ; melting-point, yH“. 

Chlotofonn .. .. p .10 to 20, [«]7> .. -16.412 | o.cxis.Ss/, 

from the following ob.scrvations ; 





t 


Uomul 

Culcultilcd 

9.925 

1.4^80 

' x 6,356 

- Jf 6*354 

25.484 

1.3971 

16,280 

r6. 263 

15.643 

I./I293 

-16.319 

^ 16.320 

is.rgs 

1 4190 

16,299 

“ 16.302 

20.242 

1.4126 

- 16.283 

-16.293 


The specific rotation is, therefore, almost constant. 

Hydrochloride, C„H,jNOi.HCl. Cry,stals; melting-point, 
181.5°.* Five preparations from different factories, when dis- 

I Bhihoin, MarquauU : Bet. d. ehem. Oes., a 3 , 986.988 
a Istlnhoni s /d/rf., aa, 1495, 

» Hease : Ann. Chem, (r^iebig), aji, 185. 

* Hesae . Loc, ct(, 

6 Antrick ; Ber, d. chem Gca., ao, 321, 

® Antrick. 
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Milvctl i« alcohol (rff - 0.9353 = 40 per cent, weight), showed 
.specific rotations at t 20°, and for concentration.s between 
t 5 and 25 which niaj’ be expres.sed by the following 
fot nnthts : 


rieparulion I 111, p. 181,5°, 

[«] 7 ; ■- 

- 67.904 

1 0.15654 c 

*• tl •* 1S2.5, 

(( 

- 68.023 

t- 0.15898 c 

** ni *• 1.S5, 


~ 69.769 

1- 0.174407 c 

IV 184. 

ti 

-■ 67.951 d- 0.15458 c 

“ V “ i8r.5 

from which, m the mean, 

(( ^ 

— 68.052 

0,163 c 


pv);; 67.982 I 0.15827 c' 

( )n the polarinictric determination of cocaine, see § 186, p. 501 . 

Imiropyl ('mtine, C„|HjjNO, (at 45°). Amorphous. 

.Mi'ohol t -.4, [<r]||j - — 29 ' 3 ® ’ 

Anhyokoicccjonink is foniied from d - as well as from 
/-ccgonnic. 

I/ydiO(/ihndt\ C„ir,jNO,.HCl + Hp. Rhombic hemimor- 
phous cry.stals ; melting-point, 240° to 241° 

Wiilci L'f]/' - ^'•5“ ' 

Melting-point, 238" to 240° 

\ViiU‘i,< 3 {(uiliydrous).. L«]}i -627°' 

/-PX'OONINIC ACU), C,lI„NOi, From d- and /-ecgoninc 
Ciy.stalh ; melting-poini, 117°. 


Wiiter 12.37. M;. 43 - 2 ° ‘ 

.f-TKomme Acid, C.H„N(C 00 II),. Cry.stals , nieltuig- 
I)oint, 247“ to 248°. 

Water p ri.76, d- 1036, [o];, - I 148°'' 

Alkaloids of Opium 

Moki'iiink, C„H„(OH)„NO + H ,0 Small rhombic col- 
iiinuH. 


» Aiitiickj Bt*i. ( 1 , ehem Ocs., 30, 310 
2 rJeUernmiiii : ai, 2VU'. 

J jlCiuhoni : aa, 1495. 

* Heaae* Anii. Chem. (lyieliij?), 37*1 
» J^icberuuuin : Her, d. diem. C 3 eh., 34, Gia. 
^ r„iebeimft«u, p. 6 n 
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CONSTANTS OF ROTATION OF ACTIV]® BODIES 


1 mol, alkaloid + i mol Na^O 2, [ajjjs = — 67.5° 

I “ " +5 " ^=2, - =-702 

1 “ +2 » “ r=5, “ ==-71.0 

Absolute alcohol ^ = i 00 to i 80, [cr]^ == — 140 5° ^ 

Hydrochloride^ C^HjqNOg HCl + 3 H^ 0 . Crystals. 

Water r = i to 4, [a]g = — 100 67 + i 14 r) » 

10 mol HCl + water = 2, = — 94 3® j 


Sulphate, (C^yHi„N03)2H^S0| + 5H2O. Crystals. 

Water ^ = i to 4, [a]g == — 100 47 + o 96 r ** 

Acetate, Cj^HigNOa CgH^Oj + sH^O. Crystals 


Absolute alcohol. .. 


[o:]/3 = — ioo.4‘ 

Alcohol {d=^o 865) . . 


“ =-989 

Water 

.. .. <-=2 5 , 

“ ==—77 

(( 

.... r — 0996, 

“ =—72 


The effect of acids (HCl, HNOg, HCHO^, HC^HgO^, H^SO,, 
HgCgOp HgPO^, H3ASO4, CgHgO,) ou the rotation of morphine 
has been investigated by Tykociner ® 

Codeine (Morphine methyl ether), C„Hi,(0CH3)(0H)N0 
+ H^O Rhombic crystals ; melting-point, 155® ,“ 153° ^ 

Alcohol (97 vol. p. c ) c = 2 to 8, [a:]g = — 135 8° ■> ® 

“ (80 “ “ ) ^: = 2, “ =—1378 

Chloroform ^=2, “ = — 111,5 

Absolute alcohol r = 2.32 (anhydrous), [o:]^ =: — 134 3®! 2 

“ r = 297 “ “ = — 141 I J 

Alcohol ^ = 4 . 1 , [ or] z? — — 130 34 °) ® 

Commercial codeine, alcohol, ^ = 41 «< _ — ^^3 i8°j 

Hydrochloride, Cj^Hg^NOg HCl + 2H2O Short needles. 

Water c^i, [a]g s = — 108 2° 

10 mol HCl + water c—2, “ = — 105 2 

Alcohol (80 vol. p. c.) c = 2, “ == — 108 

i Hes<3e Ami Cliem, (I^iebig), 176, 190 
a 'Tykocmer Rec trav chim Pays-Bas, i« 147 
8 Hesse Loc* cii 

< Oudemaiis Ann Chem (I^iebig), 166, 77 
0 Loc cit 

0 Hesse Ann Chem (I^iebig), aaa, 210 
t Onmaux , Compt rend , 9a, 1228 
8 Hesse', Ann Chem (I^iebig), 176, 191 
8 Gnniaux Loc cit. 
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Suiphate, (C,„Hj,N0j3.Hj.S0, -}- sHjO. Rhombic prisms. 

'VuU*r r- 3, [ff3j5 -loi.a®") ' 

<■ 3. [«]{? - 100.9 I 

Thv mllucnce of acids on the .specific rotation of codeine ha.s 
Iwcii investiKaled by Tykociner ;* in the neutral .salts, [«]5? = 
!dK>iu 1,3,3." (compare morphine). 

iMHhyliodt'hu' Sulphate, ( C„H,„(CH,,) NO„. CH») ,SO, + 4 H, 0 . 
Rhombic crystals. 

Water I 5 (hydrateil), [i:r]}!| -- - 130.1** 

MettuHoth'iue (Morphine dimethyl e.ster), C„H„(OCHa)a> 
NO. Crystals ; melting-iK)int, 118.5“. 

Alcohol (97 vol. p. c.) c 4, —2086®^ 

»~Methaeodeine (fr-Methylniorifiiimethine) . Melting-point, 
118.5", 

I'Uhw c 3.13, [rt]j3 -- 212® 

Mt'ihhditie. Melting-point, 245“ 

.\lcohol t 1.4, [‘<^]}? 94.i56° 

Aa'tyl Ih'tii'afh'e. Melting-point, 66“. 

.Meohol ( 2.698, [of]/j - — 96.3° 

Atety! MethimMc. Melting-point, 207“. 

Alfoliol c -0586, [a]/) - 73'87° 

t):)/ethvlmofphimeHii)ie (does not cry.stallize). 

Ivthci t 3.746, [rt]-; - I 437 3® 

Afethiodide. Melting-point, 297“. 

Alcohol < --- 1.348, [a]/) - \- 227.4.5° 

. liety/ Derivative (does not crystallize). 

Alcohol 0.798, - 1 413 9° 

Au'tyl Afethiodide. Amoi'phons. 

Alcohol c o.,59, L«Jo -I 2 ,s 7.6° “ 

P.SKiTiK)C()i3KrNK, CihHjiNO., -|- H,. 0 . Needles ; melting- 
point, 178“ to i8o“. 

Alcohol p - i. 9 ‘. («]/' - 9 '-i“ “ 

* XIVHHC* lOi, tH, 

» lU*«He Ann Chem aaa, 215 

* UCHHV ! /aU l>. 21H. 

ft Kijoir. Her. tl. chein. 37, n<i4 
ft Merck . Aivli. rhnm , aap, 161. 
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Thbbainb, Cj,H,5N0C0CHj)j Crystals; melting-point, 
103° 

Alcohol (97 vol p c r=2, [a]g = — 218 6® i ' 

“ (97 “ “ ) ^ = 2. [«]? = — 215.5 

“ (97 “ “ ) ^=1. [a]i'S = — 2164 

Chloroform ^ = 5» “ == — 229 5 

Hydrochloride, CigH^iNOg.HCl + HgO. Rhombic prisms 

Water ^ = 2 to 4, [cir]g = — 168 32 + 2 33 i ^ 

“ ir==2, [cr]5= 5 163.25 

10 mol. HCl + water... . d:=:2, " = — 1586° 

Ps^UDOMorphin:^ (Oxydimorphine, Dehydromorphine) 

Hydrochloride, HCl + H^O.' 

I mol. HCl + water ^ = o8toi6, [a]gs = — 114 76 + 4 96(?) * 

SVi mol NagO + water - .. ^=2, =—198.9® ) 

Ci,H„NOs.HCl (at 100*") 

/ = 0.951, flr5} = ioo44, [«r]g — — 103 13® 5 

IvAUDANiNK, CjoHa^^NO^. Rhombic crystals , melting-point, 
166^. 

Chloroform 2, [o:]^ s = ^ 13 50] « 

2 mol NagO 4- water c=i, “ = — 114J 

Chloroform P = 3 035 [or]^ = 4- o 057® 

This number lies within the limits of experimental error, 
and Goldschmidt,’ therefore, considers laudanme inactive. 

Hydrochloride, C,oH,.NO,.HCl + 6H,0. Inactive « 

Taudanidinb, Cj^H^gN (OH) (OCH3), Melting-point, 177® 
[or]z) — 87 8° » ’ 

lyAUDANOSiNB, Crystals ,* melting-point, 89° 


Alcohol (97 vol. pc.) 

.... r = 2.79, 

[“]g 

= + 

103,2® 'I 

10 

“ (97 “ “ )• 


[a]” 5 

= + 

105 0 


Chloroform 

Cr=z2, 

{( 

= + 

560 ! 


2 mol HCl -f- water . 

^ = 2, 

{{ 

= + 

1-1 

0 

00 



1 Hesse Ann Chem (I^iebig), 176, 196 
^ Hesse Loc ctt , p 197 
3 Hesse Ann Chem (I^iebig), 335, 229 
* Hesse Ibie , 176, 195 
6 Donath J prakt Chera , [2], 33, 562 

6 Hesse Ann Chem (niebig), 176, 201 

7 Wiener Monatsh Chem , 13, 693 

8 Hesse Loc cit 

8 Hesse Ann Chem (I^iebig), 20S 
Hesse /bid , 176, 202 
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Papavkrin®, Triclinic prisms; melting-point 

147°. The earlier figures of Hesse’ 

Alcohol (97 vol. p. c.) r“' 2, — 4.0*^ 

Chloroform ' 2, “ — 5,7 

are wrong, according to Goldschmidt the papaverine formula 
contains no asymmetric carbon atoms, in consequence of which 
the alkaloid must be inactive, as Hesse gives for the hydrochlo- 
ride. Goldschmidt found : 

Chloroform ^-^17.8, + o.ii® 

Tetrahydropapaverine^ CaoHafiNO^. The dextro and levo 
bases have been obtained hy Pope and Peachey® by resolution 
of the racemic compound by dextro- ^-bromocamphorsiilphouic 


acid. 

/-Base r 4.0032, [cr]/) * -- 143.4® 

^-Base ^=^4-3376, [«] ‘--'I 153-7 


Because of difficulties in the purification of the separated 
bases, the rotations are probably not quite accurate. 

Cryptopine:, Cg^PIa^NOfl. Crystals; melting-point, 217°. 
The alkaloid' IS inactive, dissolved in chloroform or hydrochlo- 
ric acid ** 

Narcotink (Opianine), Crystals ; melting-230int, 

176° 

Alcohol (97 vol. p.c.) " o 74 t ^ -185.0®“!® 


Chloroform mixture 2, “ 191.5 

Chloroform ■=^ 2 to 5, “ - 207.35 

2 mol. HCl -{- watei c 2, - H- 47 0 . 

2 “ “ + “ ^-5, “ -I 46.4 

10 “ " + “ - 2, “ j- 50 0 

Alcohol (80 vol. p. c. ) + 2 tnol. HCl*. ( 2, " -f- 1.15.5 

Benrene, / = 1,59, [cr]/j = — 229®; dilute oxalic acid, [a*]/; -- j 62®** 


PSEUBONARCBINK, CaaK^yNO^. +3PIJ5O. Crystals ; iiieltiiig- 
point, about 175®. Is inactive in acetic acid solution.^ 

N(ircei 7 ie^ inactive in neutral or acid solution.® 

1 Ann Chem Cl^iebig:), 176, 198 
s Wiener Monatsli Chem , 13, 6gi. 

« J Chem Soc , 73, S93 

“* Hesse Ann Chem (lyiebig*), 176, 200, 

8 Hesse Ibid , 176, 193, 

8 Dott Ber d*chem Ges , 17, Ref 77, 

7 Roser Ann Chem (I^iebigf), 347, 169 

8 Hesse - Ibid , 176, igS 
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Strychnos Alkaloids 

Strychninf, Rhombic columns ; melting- 

point, 284° 

Alcohol = 0.865) • • 4: = 091, [a]i?==— 128° 


Chloroform = 4, = — 130 

“ ^r= 2 25, “ = -1377 

“ ^ = I 5 , “ = — 140-7 

Amyl alcohol ^ = 0,53 “ = — 235 


Alcohol (tf = o 8543) ... = o 25, [a:]^ == — 114.7®) 2 

“ (fl? = 0.8543) ... ^:==oio, “ = — 1193 j 

Other constants are given by Wyrouboff® on strychnine, 
strychnine sulphate, and selenate, but without statement as 
to /, c or t 

The effect of acids (HCl, HCHO„ HC,H30„ H,SO„ H,CrO„ 
H3PO4, HgAsO^, HgCgHgO^) on the specific rotation of strych- 
nine was investigated by Tykociner * 

Desoxystryckmne Hydrochloride, HCl (at 100°). 

Crystals. 

Water c=\o, [a]/? = — 16 o® ® 

Brucinf, + 4H.,0 Monoclmic crystals , melt- 

ing-point, 178°, 

Alcohol (^ = o 865) 5.4, (anhydrous), [a]/? = — 85®'! ® 

Chloroform c—ig, ‘‘ “ = — 127 > 

“ • ^=4 9 i “ “ ==—119 . 

Absolute alcohol ^ — 2 129, “ = — 80 1® 

Effect of acids, see under strychnine 

Oxyethylbruane Chloride, CH^.OH 

Colorless, columnar crystals, melting-point, 185°, 

Water ^= 45 , — 4 50° » 

1 Oudemans Ann Chem (I^iebig), 166, 76 

2 Tykociner Rec trav chim Pays-Bas, i« 146 

3 Compt rend , 115, 832 
* Loc cii 

® Tafel Ann Chem (I#iehig), 268» 245 
^ Oudemans Ibid , 166, 69 
‘ Tykociner Rec trav chim Pays-Bas, i, 148 
s Tykociner Loc cti 
a Meulenhoff : Centrbl , 1893, II, 761 
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Other Alkaloids, and Bases 

CoRYDALiNB, F,rotii Corydalis cava. Crystals ; 

melting-point, 134®. 

Chloroform ^ = 6 55, •= + 300 

Bumocapnin^, CigHigNO* From Corydalis cava. Mono- 
clinic columns ; melting-point, 199®. 

Chloroform ^r=; 4 48, [o:]^ = + 237 i® ^ 

Cytisine (Ulexme, Sophorine), CnHi^NgO. Colorless 
crystals; melting-point, 150® to 151.5® (iincorr.) 

Water dr =: 2, [o:]” = — 120® 

Alcohol (90 vol pc.). . d:=2, “ = — 100,42 [ 

Chloroform = 2, = — 65 42 J 

Nitrate, C,,H,,N, 0 . NO3H + H* 0 . Crystals. 

Water ^ = 5 i Mg = — 90 17®’) ** 

“ ^-2.5 “ =-89.33 J 

Deephinine, C2,^H„gNOg (at 100®). Rhombic crystals. 

DEEPHiNOiorNE, C^gHggN^O^. Crystals ; melting-point, 
iro® to 120® 

Staphisagrine, C^aHagNOg. Amorphous. 

The last three alkaloids are inactive in alcoholic solution.'’* 

Echitamine, Ca^HjgNaO* + 4H2O Crystals. 

Alcohol (97 vol p c ) d: = 2, Mg 288® 

According to Hesse," it is identical with Harnack*s ditaine.^ 

Imperiaeine, CggHagNO^C^) Needles; melting-point, 254°. 
Chloroform 5.262, [a]/) = — 35 40 « 

PiEOCARPiNE, CggHa^N^O* + 4H2O. Tougli colorle.ss mass. 
(Solvent?) d; = 7 24, [a]z, = + loi 6® , d: = 25.89, [cr]y, H- 87 77® « 

A review of recent determinations on pilocarpine is given by 
Jowett/" and the optical rotation of the base and salts has been 
measured. The formula of the base is taken as Ci^Hi^jOaN., 

1 Preund, Joseplu Ann Chem (Eiebig), 377, 7 

2 Freund, Josephi Ihid , 377, 12 

8 van de Moer Arch d Pharm , 229, 57 
■* van de Moer Loc, at 

6 Marquis Jahresbencht, 1877, p 896 
^ Ann Chem (Eiebig), 203, 

7 Ber d chem. Ges ,11, 2004 
« Fragner /( 5 idf , 21, 3284 

» Poehl Jahresbencht, 1880, p 993, 1075 
10 J Chem Soc , 77, 473 
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Base ^ chloroform? ^ = i to 20, [dr]z) = + 100.5° 

For the salts, the solvent used appears to be alcohol or water^ 

Nitrate^ CnHigOaNa.HNOg, c — 9.572, [«]/> = + 82.90° 
Hydrochloride^ c— 9924, “ = + 9174® 

Hydrobromtde^ c== 10.058, “ = + 77.05® 

Sulphate^ c = 7.318, “ = + 84 72° 

ISOPinOCARPINE, CiiHigNjOj. 

Base .•* cz=zii 652, [a]/? = + 42.91° ^ 

Ntiraie 6.586, “ = + 35 68 

Hydrochloride c = 4.974, [or] = + 38.8 

Hydrobromide <?== 2288, “ = + 328 

PinocARPiDiNE, CioHiP.^isr2. 

Base 1.5374, Wd = + 81 3° I ^ 

Ntiraie ^ = 7.104, “ = + 73 2 ( 

PiPERiNE. Inactive. 

Sparteine CijHggNj. Thick oil, colorless and odorless. 
Boiling-point, 180° to 181® (20 mm.+ 

Alcohol (96 p c ) ^ = 23 88, [a]®! = — 14 6° ® 

^/-or-PiPECOLiNE (a-Methylpiperidine), CgHjgN.CHg. By- 
resolution of the racemic synthetic a-pipecoline by means of 
^-tartaric acid. Boiling-point, 118° to 119°* 

dP = 0.860, [a]z> = + 21 73° ® 

Purest preparation • [a:]n == + 37.29 , 36 9 , 37 2° ® 

^-CONiNE (^jf-^af-iV-Propylpiperidine) , 

I. Natural Corvine From Cotizum maculatum. 

d }^ = 0.873, [a:]i, = + 15 6° 7 

flPo = o 845, [a:]/, = + 13 79 8 

d — 0.845, ^ P 166° to 167°, [a]i) = + 15 6° ® 

= 0.8438, b p 165 7 to 165 9 (759 mm.), [a]g = + 15.7° 10 

' Jowett Loc cti Solvent not given 

2 Jowett Loc^ cii Solvent not clearly given. 

3 Bernheimet Gaaz chim ital , 13, 451 

* I^adentjurg Ann Chem (Liebig), 347, 65 
3 nadenburg Loc cii (xSSS) 

« lyadenbnrg , Ber. d. cbem Ges , ay, 856, 3063 (1894) 

7 H Schiff Ann Chem Cniebig), 166, 94 (1873) 

8 nadenbnrg Ibtd , 347, 86 (1888) 

» I^adenbnrg . Ber. d. chem Ges , 37, 858 (1894) 
iJ Wolff enstein 37, 2612 



AI,KAI,Oir>S • 709 

2. Artificial Canine, by resolution of nr-iV-propylpiperidine by 
means of <f-tartaric aad.* 

= o 845, [a]^ = + 13.87° ® 

rf®* = 0.8438, b. p. 167 7°, [<r]/> = + 18.3° * 

The following data on the specific rotation of conine and its 
-salts are given by Zecchini.'* 


Name 

Solvent 

c, 

1 ^ 

. 

[«]/> 

Conine 

Benzene 

13094 

24 2® 

+ 954° 

(( 

ft 

20 464 

22.1 

+ 977 

(( 

(( 

33 290 

239 

H-n 14 

i( 

Alcohol 

10 841 

244 

+ 8 12 

(( 

<1 

IS 172 

22.7 

+ 870 

(C 

K 

44.687 

26 

■+• 998 

({ 

Water 

1. 071 

25 7 

-|- I 21 

Acetate 

Benzene 

22 854 

25*7 

+ 383 

(( 

Alcohol 

21 904 

25,0 

+ 2.35 

{( 

Water 

31 944 i 

266 

-l- 1 16 

Hydrochloride 

Alcohol 

6 722 i 

25 

+ 4.56 

<( 

Water 

11 458 

26 

-f- 027 

Hydrobromide 

Alcohol 

6053 

234 

-f- 4.28 

(( 

Water 

II 890 

25 6 

-1-027 


Acetylconine,Z^,^{,Q.^fi'). Liquid; boiling-point, 125® 
'(14 mm.) 

= 0.9616, [ ay ^ = -I- 34 2° ® 

Benzoylcomne, CgHuN (COCjHj) , Liquid. 

rfij = I 0623, [a]" = -I- 29 1° ' 

I- Conine Liquid. 

Absolute alcohol .. . f=so, [«]“ = -f- 15 2° ’ 

N-Methylconine, CsHufCHON Boiling-point, 173“ to 174® 
-(757 mm.). 

08318, ^ = 24°, M.D = -b 8r 33° « 

ISOCONINE (?), CgH^N. 

[a]a = -|-8i9°» 

1 r,adenburg See § 33, p 112 
a I^adenburg Ann Chem. (I,iebig), 347, 86 (1888). 
s I^adenburg Ber d, chem Ges , 27, 3066 (1894), 

* Esperienase sul potere rotatono della comma e dei suvi sail Roma, 1893. 

6 I^adenburg Ben d. chem Ges , a6, 854 

• I^adenburg Loc ctt 

1 I^adenburg Ann Chem (I^iebig), 347, 86 
fi WolfFenstein Ber d chem Ges , ^7, 2611 
0 j;adenburg /did , ao, 854. 
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According to Wolflenstein,^ this is a mixture of ^-comne 
with inactive conine. 

Beiizoyhsoconine, CgHigNCCOCeHe). Liquid. 

afie = I 0623, [a]/, = 4 - 29 I® ^ 

y 5 -pROPYn Piperidine, CbH„,N CgH^. The synthetic base 
has been resolved by means of tartaric acid by J. D. Granger.® 
d-Base, d = 0.8517, [<2:]^ = + 6.39° 

UBase ^ — o 8517, “ = — 6.39° 

flf-ISOBUT YEPIPERIDINE (HomocOUme) , CgHjoN CHa. 
CH(CHJa Liquid ; boiling-point, 181° to 182° ; d°= o 8583 
Inactive ^ 

Homocomc Aad, Cj^Hi^NOa, and Amido Valeric Acid, 
CgHjiNOa, formed by the oxidation of conine, are inactive m 
5 per cent, solution ® 

Paraconine, ChHibN. Liquid , boiling-point, 168° to 170°. 
Inactive “ 

d-CoNiCEiNE, CgHigN. Liquid ; boiling-point, 168® 

==: o 8976, [a]i? = 7 8° 

5 -CoNiCEiNE, CaHigN. Liquid ; boiling-point, 150® to 151°. 
[a]/j = about -f 42° ® 

The statement of PlesekieP that j8-picoline is active is an 
error, according to Landolt.^ 

Nicotine, CioHj^Na. Boiling-point, 246 7 (745 mm.). 

d^ = I OIIOI 

[Q,]ao ^ l5l II 

“ =-^164.012 

Mg ==-~ 161.09^3 
[a]g = — 16284, = I 0107 

1 Ber d chem Ges„ ap, 1956 
3 I,adenburg Loc cii 

3 Ber d chem Oes , 30, 1060 

4 Jacobi, Stoehr Ibid , 36, 949 
3 Schotten Ibtd , ip, 503, 507. 

0 Michael Ibid , 14, 2105 
7 lycllmaun A.nn Chem CI#iehig), 359, 199. 

3 I,elltnann, p 203 
0 Bei* d chem Ges , i8, 3091 
Ibid y 19, 157 

lyandolt, § 52 Ann Chem (lyiebig), 189 241 
13 Hem Inaug Diss , Berlin, 1896 
13 Nasmi and Pezzolato Ztschr phys Chem , 13, 501 
1-1 Gennan Ibid ,19, 130, § 46 
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Rotation dispersion of nicotine.^ 

Effect of temperature between ia° and 30®.^ 

Solutions ill water ’’ 

Solutions in water, great dilution/ 

Solutions in water, inciease of rotation on standing/’ 
Solutions in ethyl alcohol/ 

Solutions 111 propyl alcohol, ether, acetone/ 

Solutions ill benzene/ 

Nicotine Saets. Right-rotating. 

Hydrochloride, 

Watei,- — -| 51 50 - 0.7931 q | 0.00^1238 <7^ for ^ -- 57 to 90, 
from which for 

10 [a'p;; +14,44; P 30: I 16,75® « 

Nevtral Sulphate, 

Water, ^ |- 19.77 - 0,05911 q , for q ^ 30 to 90, 
from which for 

p ~ io - I 14.52, p 30 [crjjy ^ 1564®’'* 

Acetate, C,„Hj,Nj.Cjj+I,Oa. 

Walci, -1- 49 680 — 0.6189 q ~[ 0.002542 for q - 77 to 95, 

from which for 

p - 10. C^r]^;; - + 14.57°; p ™-3o* I i«8 i® '« 

Water.... + 13.204 + 0.11406 c 1 0.(502073 c \ to c 65 

On the behavior ot a left-rotating equmiolecular mixture of 
nicotine and glacial acetic acid on clilulioii with water, see 
§46, p 16 1. For solutions of nicotine acetate in alcohol • 
c ^ 12.97 : [nr]}y 65 27® , r 51.12* [«];«; ~ 58.94® 

On addition of water to the alcoholic nicotine acetate solu- 
tion, the rotation becomes right-handed ; conversely, aqueous 

* Getinari, § 46, p. 160 
" I^audolt, § 60, p 20S. 

‘ I^andolt, § 52, p 181 

* Pnbram, TIeiii, § 56, p 19S 
® Pribram, § 76, p 2S2 

I^andolt, § 52, p 182 , Hem, § ft2, p 229. 

7 Hehi, g 62, p 229; Nnshiiaiid Gentian i ZtHClu. phys Cliein., 19, 117 , § 40, p. 103. 

8 Hem, § 48 

® Schwebel Her. d cbeni. Ges , 15, 28S0, 
w Schwebel 

» Nasmi and Pe^siolato • Ztsclii phys. Cliem , la, 301 
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solutions of the salt become left-rotating on addition of alco- 
hol. The aqueous solutions of the sulphate and hydrochloride, 
which are right-rotating, behave m the same manner 

The separation of nicotine from the alcoholic solutions of 
its salts, by means of triethyl amine, aniline, and ammonia, 
may be followed by the polanscope , a method of determining 
nicotine is based on the complete displacement by solutions of 
potassium and sodium hydroxides. The decompositions are 
not absolutely complete m aqueous solutions ' 

Boric aad added to an alcoholic solution of pure nicotine 
produces a slight decrease in the left rotation. 

Hydronicotine, Boiling-point, 263® to 264°. 

— o 993. 

Water c— 13.7®, [*]/> = — 15.40 ’ 

fl?-CoPELLiDiNE, CjH„]Sr. Boiling-point, 162° to 163°. 
^ = o 838. 

d = 0.8381, [a]z) = -f 36 50® * 

= 0.8375, “ = 4- 36 93 * 

/-CoPBDDTDiNE. Boiling-point, 162° to 164°. 

d = 0.8386, [a:]z, = — 7.91° “ 

= 0.8347, “ = ~ 16.26® * 

/f-IsocOPEDLlDiNE, CgH^N. Boiliug-pomt, 103° to 166®. 

= o 8500, [a]fl = — 25 93° * 

/-IsocoPEDDiDiNE Boiling-point, 162.2® to 162.5° 

d =0 8445, = — 25 93® 3 

d" = o 8435, “ = — 57 03 * 

Tetrahydroquinaddine, CijHjjN. The racemic base has 
been split by Pope and Peachey' by the dextrocamphorsul- 
phonic acid method. They give for the 

l-Base, d’^ s = 1.02365, [or]” = — 58.12® 

d-Sase, = I 0192, [«]“ == -|- 58 09 

* Pezzolato Gazz chim ital , lo, 780 

a Btard Compt rend , 97, 1219 

« l/cvy, Wolffenstein Ber d chem Ges , aS* 2271, 

* I^evy, Wolffenstein Ibtd , Ges , 39 » i960 

8 J Chem Soc , 7s • 1066 
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For the rf-hase, Udeuburg' found nearly the same value 
after tartanc ac.d resolution. In their paper, Pope and 
Peachey give the coastants for .salts and other deriTOtivL. 


37. Glucoaldes 




* 

t 


SAI4CIN, C,,,H,„0,. 

[«]{?« 65.17 4 o.63;J » 

^ $ tT iZ 

Alcohol ( 50 1». e. ) , [tir] „ 50.30 y 

t 22° to 26®, 901096® 

HjOlylCIN, “j- 

Alcohol (50 ,,.e.) / .3o»./.-3io9. 1 ^ 2 ^, ^ ~ Ay.o'.o 0 

P I'.IS* (anhydrous.), rf* ; J.0084, [crjj'' -- 60.43® ’ 

PoiniLIN, C,„II.,,0„. 

Water 


Water. 


p I, L«]/ --^-ss®' 


Pirr^OKiDziN. C,,ir,„()„ -I 2H,0. 

Alcohol ( 97 ].. C.)....^ It05. [«]j;=--49 .4 o 

Alcohol p 4,5^ __ _g2°)« 

Wooti alcohol p 3,^^ (I _ ^2 j 

Amygdawn, C,„n,,NO„ + 3H,0. 

--- 35 5°"’ 

Apiin, CajH,jO,„. Weak alcoholic .solution 

- -f 173° " 

CONIPERIN, C„H,,0„ f sH.O 

p °-62i (anhy(lrou.s), rf« 09996, 

Gi,UCOVANIM.IN, + 2 lifi 

P o-Ugfi (aiihydrou.s), i.rxDir, [«]}',' 

' Her. d. cliem. Res., 37, 75 
“ Hesse. Alin. Clieiii (We1>l|c). i76, iiA 
■' Wegrsoheider: Her. d. ehciA Oes, 18, ifion 
Biot, Pasteur • Comiit, rend , 34, 6m 
' Sorokin j J prnfct Chem., fa], 37, ,30 

• Sorokin. /4sV/., [a], 37,391. 

^ Biot, Pasteiu , Aor, a/. 

"HeMeiAan Clieia {Weliig), ,76, ,17. 

» Oudemans , 166, 6(>. 

Boucha^t; Compt lend., ip, ,174. 

Wudenbom, Oeucliteii j Her. d. chem Oes., 9, na.^ 


• 241 / 


- 66 90° ' 
88 63® ’ 
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CONVALLAMARIN, CjsH^Oij. 

Alcohol [<*]/> — — 55 * ' 

DigiTonin, Ca,H<„0„ + sH^O. 

Acetic acid (75 P c ) ■ / = 2 8, [ar]y,^ — 50® “ 

Ivy I/Raf Grucoside, 

Alcohol ^=22», Icc\d “47 5 °" 

ISOHESFERIDIN, + 2 H 2 O 

Alcohol [»]/> — ~ ® 9 “ ' 

Naringin (Aurantlin, Hesperidin), CjiHjjO,,. 

Water-.. . f = 20.46, t — X 7 °, [a]i>== — 84.5° )“ 

Alcohol ... 1:= 7299, ^=17, [a; 3 yj = — 876 ) 

OUBAIN, Cj„H 4 „ 0 ,j + 7 H.jO, 

Water P—065, Mg= — 34 ®“ 

PiCEiN, C.,H,80, + HjO. 

Water ^ = 2.5, [<2]/) = — 84°^ 

CoNVOLVULiN, C,iHio„ 0 „ Melting-point, 140® to 148°. 

Alcohol [oiId — — 369°" 

In addition, E. Eischer has produced a series of simple glu 
cosides synthetically and has determined their constants of ro 
tation 



Solvent 

P 

** 20 


:S, Fischer 

a-Methyl-df-glucoside 
a- “ 

Water 

5 

. 

+ 

157 6° 

28, 

1155 

“ 

5 


— 

1569 

28, 

1152 


(f 

9 002 

1.025 

+ 

150 6 

28, 

115^ 

C 1 

8 897 

. . 

•H 

1503 

281 

115^ 

cr-Methyl galactoside 

c< 

9.119 

I 026 

+ 

1790 

28, 


It (C 10 

Borax sol 

8.5 

. 

+ 

2 6 

28, 


Bthyl 

Water 

9‘47 

1.0273 

+ 

178 75 

27» 

2481 

Benzyl arabinoside 

ct 

T 03 

I 0013 

+ 

215.2 

27» 

248s 

Methyl glucoheptostde 
cr-Methyl xyloside ' 

/». «« 

( ( 

10 06 

10338 

— 

74.7 

28, 

ris^ 

tt 

9 32 

I 026 

+ 

153 2 

28, 

IIS? 

1 1 

9 14 

1.024 

— 

659 

28, 

IT57 

Methyl rhamnoside 

tt 

9.68 

I 024 

— 

62 2 

28^ 

II5S 

< ‘ sorboside .... 

tt 

9.12 

I 028 

— 

88.5 

28, 

ii6c 


it 

8 19 

1,026 

— 

889 

28, 

1160 

Mandelmtnle glu- ^ 
coside . . j 

1 1 

8 25 

I ot8 

— 

26.9 

28, 

isog 

Acetone rharanoside - 

( t 

9.16 

I 017 

+ 

17.4 

28, 

1163 

Diacetone arabinoside 

le 

2 41 

I 003 


5 4 

28, 

1164 

“ glucoside 

1 1 

4 93 

I 008 


185 

28, 

1167 

“ fructoside 

tt 

7 29 

I 014 

— 

161 3 

28, 

1165 

Tnacetone mannitol . 

Alcohol 

958 

0 81 c 

+ 

12.5 

28, 

1168 


2 Kiliani Ber d chem Ges., 34, 339 
* Tanret Bull soc chim , [2], 49, ai. 

® Arnaud Compt rend., 107, ii6a 
8 Kromer Chem Ceutibl., (1894), I, 63s 
1 '* In aqueous solution inactive 


X Tanret Jahresbencht, 1882, p 1130 
3 Vernet Jahresbericht, 1881, p 991 
3 Will • Ber d chem Ges , ao, 294 
f Tanret Bull soc chim, [3], ii, 944 
Ber d chem Ges 
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Also : rf-and /-MethylnmnnOvSide. 


Water P 8, [tr]/> ± 70 2 to 79.4® * 

f/-fcrm Water p H 82 5® > - 

“ / ^ 8 . “ H 792 [ 

Alcohol p r, " = “l‘ 87.3 ) 


28. Bitter Principle^ and Indifferent Bodies 
Santonin G7vup 

The following data, unless otherwise staled, are from Came- 
lutti and Nasiiii.'^ According to these authors the concentra- 
tion is without effect on the rotation : 

Substance ref\'eift ' ^ Obseivei 

Santoiiin Alcohol 97 15® 2 ~ i7^|.o° ' 

“ “ 90 ^5 2 175.^ 

“ “ 80 15 2 -1765 

“ Chloiofoiin 15 2-10 1 71 5 

“ “ 26 6 171 37 

Metasantomii “ 26 15 | 292 13 

Santonicle " 26.5 1,5 -| 7/1461 

“ “ 20 31-305-1-75^1 Nnsiiii*' 

Metasantonirle “ 26 1.5 - 223,16 

Paravsantoiiide " 26 1.5 -( 897 25 

“ “ 20 2.6-50 I 891 7 Nnsuii '1 

Santonic acid “ 26.5 6 -* 70 31 

Methyl ester “ 26.5 6 5233 

J^tbyl ester 26 5 6 45 35 

^z-Propyl estei “ 26.5 6 39 31 

Allyl ester 26.5 6 39 54 

z-Butyl ester “ 27 6 - 41 63 

Parasaiitonic acid “ 26 6 - 98.51 

Methyl ester “ 26 6 1018.91 

Ethyl ester “ 26 6 -- 99.98 

Propyl ester " 26 6 91.27 

Saiitonyl chloride “ 26.5 6 -- 13 14 

Santonyl bromide “ 26 6 ton 53 

Santouyl iodide “ 26 6 99,21 

1 Fischer, Beeziscli ; Bei cl. cliem Gcs , 39, 2927. 

^ Ekeiisteiii . Kec trav chini Pays.-na8, 15, 221 
f 9 Ber. d chem. Qes., 13, 2208. 

^ * Ann. Chem (Liebig), 176, 125. 

^ R. Accad I/incei, 13, 1892 

® Lot cit 
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Solvent 

Per cent 

i! 

c 

[“]x> 

Alcohol 

14 

2 

— 121.6 

(( 

13 

07 

+ 76.77 

It 

20 

1,4 

+ 319 

(C 

20 

28 

+ 20.4 

u 

II 

2.4 

+ 124.17 

I ( 

17 

09 

+ 58 6 

V 

“ 97% 

22,5 

i “3 

— 25.8 

“ 80% 

22,5 

2'3 

— 26.5 

Water 

225 

2 

- 1936 

... 

>. 

.... 

— ' 4.62 

. .. 


... 

+ 62.07 

— 

‘ . 

— 

+ 6437 

• • 


.... 

— 103.67 




— 136 83 


Substance 


Photosantonin . - * 
Isophotosantonin • 
Dehydrophotosantonic 

acid 

Diethyl ester 

Isophotosantonic acid 
Monoacet ylisophoto. 

santonic acid. 
Santoninic acid . . 


Na salt 

Hyposantoninic acid 
Dihydrosantinic acid 

Santinic acid 

Santoninaminesulphate 
Santoninamine hydro- 
chlonde 


Observer 


Villavec- 
chia ^ 


V Caniiiv- 
l zaro, Fa- 
f bris.2 

I Hesse** 


Gucci 

and 

Grass!- 
Cri stal- 
di^ 


The following data are given by Nasim® for the specific rota- 
tion of some bodies of the santonin group for light of different 
colors 


Spectrum line | 

t 

5 

1 

Santonin 

Meta- 
santonin. 
Chloro- 
form 
4;= 2 206 
t — 20^ 

Santomde 

Para- 

santonide 

Saute 
acic 
Chloi 
t; — 27 

/ = 2C 

Chloroform 
y = 75 to 96 5 
^ = 20° 

Alcohol 
C— I 78a 
i: = 2oo 

Alcohol 

C =: 4 046 
/= 20® 

Chlorof 
c — 3tO30 
t = 20® 

Chlorof 
<: = 3t0 50 
i = 20® 


686 7 

— 1401 0.2085^ 

— 1104 

+ 92 

"h 442 

+ 484 

+ 580.5 

— 

C 

656 2 

— 1493 +oi55Sfi' 

— 1 18.8 

+ 104 

+ 504 

+ 549 

+ 6556 

— 

D 

589 2 

— 202 7 -{-0 3086 q 

— I6I.0 

+ 124 

+ 693 

+ 754 

+ 8917 

— 

E 

5269 

— 285 6 H- 0.5820 q 

— 222 6 

+ 167 

+ 991 

-f- 1088 

+ 1264 

— I 

b. 

5183 

— 302.38+06557? 

--237 1 

+ 182 

+ 1053 

+ 1148 

+ 1334 

— I 

F 

486 1 

— 365 55 +08284? 

— 261 7 

+ 217 

+ 1323 

+ 1444 

+ 1666 

— I 

e 

4383 

— 534.98 + 1 5240? 

— 3800 

+ 257 

+ 2011 

-f 2201 

+2510 

— I 

S 

422.6 


.... 

... 

+ 2381 

+ 2610 

+2963 

— 12 


1 Ber d chem Ges , i8, 2859 
9 /itd. Ip, 2260 

« Ann Chem (I,iebig), 176, 125 
* Gazz chim ital , aa, x 
6 R Accad I^incei, [3], 13. 1882 
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Andreocd’ gives : 

^-Disantomons add L^2d — + 85 9° 

/. “ " “ = — 85.8 

<;f-Santotiious “ “ = + 74-8 

/. “ “ “ 74 3 

Desmotropodisantonious acid-.*- “ = — 64.5 
Desmotroposantonious acid “ = — 53 3 


Other Vegetable Substances 

AsEBOToxiN (Andromedotoxm), CsiH^Ok,. 

Water c = 2.8, [a]g = — 9-7'’l’ 

Chloroform c = o.4r, “ = + lo.i J 

PiCROTOXIN, 

Alcohol p = 3 - 125 . [«L = — 28 I® » 

Echicerin, CjoHjsOj. 

Ether c = 2, [a]g = + 63.75®)* 

Chloroform c = 2, “ = + 65 75 ) 

Echitin, 

Ether = 2, [a]g = + 72.5®].' 

Chloroform c = 2, " = + 75 3 J 

Echitein, C*jH,oO 

Ether c = 2, [o;]g = +■ 88® "I' 

Chloroform t = 2, “ = + 85 5 J 

Echiretin, CjjHjjO, 

Ether tf = 2, [ar]g = + 54 8® “ 

Edphorbon, C„Hj* 0 . 

Ether c=4i [o:]g = + n 7® )“ 


Chloroform e= " = + 18.8 ) 

Antiaronic Acid, CjHjjOj (from Aniians toxicana). 
Water Mo = + 3 °° ’ 

Edpeol, Cj,H^O?. 

Ether 0 = 9.97. [a]o = + 27® ® 


X Atti R Accad I^incei, [5], 4 i 164 
* ^aayer Rec trav chim Pays-Bas, 5, 313 
8 Bouchardat and Boudet J pharm chim , [3], 33. 288 
4 JobstandHcsse Ann Chem (Liebiff), lyS* 49 
8 Jobst and Hesse Loc cit 
« Hesse Ann Chem (r,iebig), 193, 195 

7 Kiliani . Arch, der Pharm , 334, 438 

8 lyikiemik Ztschr physiol Chem , 15, 4x5 
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PHASOt, CigHj^O 


Chloroform 

P = 4 , 

[a]^ =4-306“* 

a-I/ACTACEROI,, CijHjjO. 

Chloroform ^ = 2 372, 

[«]g = + 76 2“ 

yS-LACTACESROL, C,gHj(,0 
Chloroform 

/ = 4 . 

[a]g = 4-38.2“=‘ 

Qdebrachoi,, CjoH,,0 

Chloroform 

P = 4 , 

Ms = — 29 3* “ 

CXTPR 30 I,, C^oH„ 0 . 

Chloroform 

J> = z 156. 

C*]g = - 37 5 ° * 

CiNCHOI,, CaoHj^O. 

Chloroform 

/ = 6, 

[a]g = — 34.6“ « 


29. Biliary Substances 


Choi,SSTBrin, C^,H„ 0 (?') (melting-point, 145°) andC2,H,jO 

+ ha 


Anhydrous ether 

“ chloroform .. . 

from which. 


c = 2, [a]z)= — 3112° 

r= 258 
[orjg = — 37 02, — 37 81, — 38,63® 
[a:]g = — 36.61 — o 249 


Solutions of the anhydrous substance in ether (<r = 7 941), 
and in petroleum spirit (c = 10) gave, m agreement with each 
other, the following numbers . 


night 

£ 

C 

D 

E 

^2 

F 

G 

II 

1 — 1 

— 20.63 

— 25 54 

-31 59 

-39 91 

— 41 92 

—4865 

—62.37 


Cholestenn Ester of Oleic Add, From 

dog serum Melting-point, 41° to 45°. 

Equal parts of ) _ _ „ 

alcohol + chloroform j ^ ^ 7 94 . [a]z) — - 18 80 

1 Uikiermk Ztschr physiol Chem , 15,430 
- Hesse Ann Chem (niehig), 234, 248 
^ Hesse Ibid , 211, 272 
* Hesse Ibid , 228, 291 
^ Hesse Ibid,, 228, 294 
Hesse Ibid , 192, 178 

7 I^xndenmeyer J prakt Chem , [ij, 90, 323 

8 Hurthle Ztschr physiol Chem , 21, 337 
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Phytosterin, Melting-point, 132® to 133°. 

Chloroform P—'^ ^ 3 ^* [^33 ~ 34*2° ^ 

Paraphytosterin, 

Chloroform ^=3 45 » [or]ij — — 44 .i° ^ 

ISOCHOEESTERIN, CagH^iO. Melting-point, 138® to 138.5® 

Ether £“=7 344 * [^]i> == " 3 “ ^ 

^ = 6.435, “ == + 59 ^°^ 

Paracholesterin, Melting-point, 134® to 134.5° 

Chloroform .... / = 2 7, d= C^ 3 S == — 28 88° & 

Caui<osterin, Melting-point, 158® to 159®. 

Chloroform r = 5 0905, [o:']jd = — 49 .^®® 

Ergosterin, CggH^oO 

Chloroform ^ = 3 33 j = — 114® ’ 

Koprosterin, From human feces. Melting- 

point, 95° to 96°. 

Ether. . .. ^ = 13 2 (1 581 gram suhst. m 12 cc ether), [a^]/) = + 24° ® 


Geycochoeic Acid, CggH^gNOg. 

Alcohol .. . ^ = 9504 Rotation independent of the concentration 


I,teht 

c 

D 

E 

h 

F 

G 

[«] = 

-j- 21.6 

+ 290 

+ 37.9 

+ 40 0 

-f-487 

+ 568“ 


Sodium Salt, NaCagH^gNOg 


Alcohol 20 143, [a:]n == + 25-7®l “ 

Water r = 24 928, “ = + 20 8 j 


The concentration is without influence 

Taurochoeic Acid, CagH^gNSO^. 

Sodium Salt, NaCagH^NSO,. 

Alcohol ^: = 9 898, [a]zj = + 24 5°, [a]^ = + 39® V® 

Water r = 8 856, “ = + 21 5 “ = -f 34 J 

1 Hesse Ann Cliein (E^ebisr), 19^1 177 

2 Eikiemik Ztschr physiol Chem , 15, 430 
•< Schulze Ber d chem Ges , 13, 149 

* Schulze, Barbien* J. prakit Chem [2], 35, 170 
5 Keinke, Rodewald Ann Chem (Eiebig), 307, 229 , 
fl Schulze, Barbien J prakt Chem , fa], 35, 166. 

7 Tauret * Amn. chim phys , [6], 30, 2S9 

a Bondzyuski and Hummcki Ztschr physiol Chem , 33, 396 , Bondzynski Ber 
d. chem Ges., 39, 476 

9 Hoppe.Seyler ; J prakt Chem , [ij, 89, 261. 

10 Hoppe.Seyler Loc cii.^ p, 263 
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The concentration is without influence. 

Choi^alic Acid, C 2 *H 4 ^ 05 (+ H^O) and (+ 2^1,11^) 
a. A^ihydrous Ckolalic Acid, 

From ox gall . Alcohol, c — 3.338, [ajn == + 50 2° ) ^ 

“ dog feces ** ^ = 2942, “ =-[-476 ) 

d Ckolalic Acid with 2 V., mols. water of crystallization.^ 



1 

- Anhydrous 

! 

1 Annyarous j 

-1 

Hydrated 


fl 6 070 

' I 

1 -r 35 4® 

+319° 


• 4 433 

1 + 34-8 

' +314 

Solutions ^ 

2 707 

+ 35-2 

+31 7 

in alcohol 

; 2 659 

: +33 9 

+304 


2.030 

' +34 5 

+31 1 


1.804 

’ +34.2 

+308 


Cholalic acid with 2' mols -water Alcohol, c = 2.962 (2 659 anhydrous ) * 



j A C D 

B 

h 

F 

G 


For hydrated ] 
substance ] 

j 

' -h 25.3 -p 27 0 ’f 30.4 

i ® 

+40 1 

4-42.2 

1 

+ 47-3 

-1-608 

+ 

For anhydrous ) 
substance I 

1 1 

1^282,-30.1 -r33-9 

r447 

i 

+ 470 

! 

1 +527 

+ 67 7 

+ 


r. Cholalic Acid Alcokolate, 

Solution in alcohol of 97 volume per cent 


P 



t 


, 

iff 

with crystal 
alcohol 

pure acid 

1 ', ' 

['with crystal 
[ alcohol 

1 ’ 

pure acid 

I 9207 

I 7262 

0 S 151 S 

16.4 

15 

1' -1-31-30° 

1+3483° 

16 2 

13340 

1 19S9 

0 .S 1050 

234 

23-4 

|! +31-12 

1 + 34 63 

23 

I 1525 

1 0358 

0 S 1006 

20.4 

20.4,1 -1“ 31-30 

i + 34 83 

21 

2 9204 

2 6246 

0 81493 ! 

21. 1 

2 I.I 

|j + 3 t -72 

j+35 29 

21 2 

09559 

08591 

O.SI5O2 

142 

15 

i| -^ 32.02 

1 + 35-63 

12 2 

04794 

0.4309 

08X260 

134 

15 

!' -31-85 

'+3544 

14 


1 Hoppe-Se>Ier Loc,czi, p a66 
* Hoppe-Seyler , Loc ai , p 267 

3 Hoppe-Seyler J prakt Chcm . [1], 89, 267 

4 Vahlcn Ztschr pbysiol. Chcm , at, 253 
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Potassium Salt^ KCg+H^gO,. 


a. Aqueous solutions. 

^ = 6 004, 
crz=. 7 000, 
r = 12 562, 
i 6 . 749 i 
r = 22 332, 
^=29 775 » 


[a:]i? = + 28 2° 1 ^ 

= + 27.5 
“ = + 25.9 

“ = + 246 

“ =4-241 
“ =4-249 J 


p 

d. 

t 

) — 1 

10433 

r.oo2o 

15 

-f 29 10° 

(t 

0.9993 

30 

+ 30 79 

34940 

1.00975 

5 

+ 27-23 

<( 

T 00923 

20 

4- 26.89 

54570 

I 01498 

ir 

+2769 

C( 

I 00695 

40 

+ 27.06 

66S25 

I 01843 

24 

+ 26.51 


h Alcoholic solutions 

p = 2.1178, = 0 81027, [a:]g = + 31.60° ) ■* 

p “ = 0.81875, [a^]iJ= + 31-27 j 

r = 4 22 


lyight 

c 

D 

I j 

B 

1 ^ 

F 

M = 

+ 23.7 

+ 30.8 j 

+ 38.5 

+ 40-9 

1 

+ 47 5“ ' 


Sodium Salt^ NaCa^HagOg 
a. Aqueous solutions.® 


= 19 049. 


Light 

1 

B 

C 

D 

E 

b 

F, 

[«] = 

+ 19-7 

'I- 21 0 

+ 260 

+33 1 

1 +340 

-f- 42 0° 


1 Hoppe-Seyler J. prakt Chem., [i], 89, 270 

* Vahlen: Ztschr phyaxol Chem , 21 , 253. 

* Vahlen. 

* Hoppe-S^ler * Lac ctt.^ p. 269. 

* HoppewSeyler Loc ctt , p 271 
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P df * f 


7.5SS8 I 01969 22 5° i- 27 46® >1 1 

4 9450 I 01298 24 28 19 

4 0419 r 00S26 20 ' — 27 65 

2 2920 I 00595 23 -f- 30.61 


From this, the specific rotation appears to be increased by 
lowering the concentration. 

b. Alcoholic solution. 

r = 2 230, [£r]/) = T- 3^*4® ** 

Cholalk Acid Methyl Ester ^ Crystals 

Alcohol r = 4 59, = -f 31.9® 

Cholalic Add Ethyl Ester y CjH-.CjjHgjjOj. Crystals. 

Alcohol = iS 479 


Eight n D 


E b 

[<*3 ^ -- 25.4 - 3* 4 , 

— 40 5 42 3° 

Choleinic Acid, C 


Alcohol 


/ d 

/ 


2469 oSiio 

24“ 

- 48.87® 

I 786 0 8105 

22 

-r 49 52 

0 862 0 S061 

34 

— 48 60 

0 694 0 S050 

21 

- 52-49 


Cholaxic Acid. C^^Hjj, 0. — ^ 

Barium Salt, Ba^C^H^A - * 

Water p = Z d = i 017, [a]z) — ^ 49 37® * 

Desoxycholic Acid, 

Alcohol, p ^ I 96S, <aF* * = 0.81142, 49 86® ^ 

* Vahles ill 

* Hoppe ScyJer Iak cu , p r*i 

* Hoppc-Seyler Ian: cit p 372 

* lAtscbisoff Ber d cheta Ges ip, 475 
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Lithofei^linic Acid, CaoHg^O^. Melting-point, 205°. 
Alcohol Io^Id = + 13*76® ^ 

30. Gelatinous Substances 

^-Gdutin (ordinary glutin, gelatine). 


Water, = 6 i2-< 

7 = 24 to 25“, 

[ ajj } — — 130 o' 


.^ = 35 to 40, 

“ = 123.0 

'8 

c< 

II 

1 

[/=24t0 25, 

— 1305 


1 ^ = 35 > 

»* = 125.0 


The rotation decreases, therefore, with the temperature ; but, 
on the other hand, it does not appear to be much influenced 
by the concentration 

The effect of acids and alkalies is shown by the following 
experiments : 

Glutin solution with c = 3.06 : 

Mixed with equal vol. of ammonia == — 130 5® ) ^ 


“ a few drops of sodium hydroxide “ = — 130 5 

“ the same volume of hydroxide “ = — 1125 

“ “ “ “ acetic acid “ = — 1140 


The specific rotation of aqueous glutin solutions is decreased 
by long boiling 

/?-Gi<utin Obtained by heating i part of gelatine with 2 
to 3 parts of water, in a pressure bottle, for several days to 
100®, until the liquid no longer solidifies on cooling.* 

On account of lack of uniformity, the products showed dif- 
ferences in the rotating power 

Product -wath 1.40 p. c ash. Water, /: = 5, jf ^ = — 130 6® 

“ “ 1.96 “ ^:=5, [o:]g =^1258 

Multirotation was not detected. 

The following observations were made on variations m the 
rotation. 

I. The rotation of aqueous solutions decreases with in- 
creasing dilution 

5 4 3 2 I 

= — 120.7 — 118.1 — -117.5 -’1X4 0 —1137® 

^ Roster. Gazz chim ital , 9. 364 . Hoppe-Seyler and Thierfclder “Handb d. 
phys u. path -chem Analyse,” 6 Aufl , p, 209 

* de Bary Hoppe-Seyler^s med -chem. Untersuch., i, 71 

* Kasse : Maly’s Jahreshencht, 1889, p. 29 

* Pramm Arch fur die ges PhysioL, 68, 144 (1897). 
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2. The addition of methyl and ethyl alcohols in amount to( 
small to produce precipitation, decreases the rotation. 

3. Alkali chlorides (and also KI), and also alkali nitrates 
bring about a decrease in the rotation which is independent o 
time and temperature, but a chemical change in the glutin n 
not produced Alkali sulphates have no similar action 

4. Acids diminish the rotation, and in greater degree the 
larger the amount used and the higher the temperature The 
intensity of the action follows in the order: HCl, H2SO4, 
HCjHjOj, H3PO4 The change does not increase with time 
On neutralization of the acid the original value of the rotation 
is not restored. 

5. Alkalies and ammonia (the last in concentrated condition 
only) diminish the rotation. The decrease becomes greater 
with time, and is not altered by neutralization of the alkali ; 
a chemical change in the glutin is, therefore, produced.^ 

Chondrin. c = 0.957. 

Water with a few drops of sodium hydroxide solution “ — 213 5° 'j ^ 
The liquid mixed with an equal volume of sodium 

hydroxide solution “ =—5520 ' 

The latter mixed with the same volume of water ... “ = — 281 o 


31. Protein Bodies 


Serum Albumin. 


Neutral aqueous solution 

.\queous solution, saturated with NaCl . 

“ acetic acid added... 


“ hydrochloric acid added until pre- 
cipitate formed redissolves 

[a]i» = — 62 6 to — 64.6® * 

Serum albumin crvstals . 


[a]j3= — 56° 

“ =-64 
' =—71 

= — 78 7 


Third ciystallization • . . 
Still further purihed... 
Serum albumin crystals 
Water 


/ = 207 
P = 2-345 


la^D = — 62 . 6 ®)^ 
“ =~6o.i \ 


P — 3.92, 

/ = 5.2 

Thud crystallization ; 


1 Framm Loc at 


[ajz) = — 61.2® ^ 
“ = ~ 61 
~ 64 . 


- de Bary Hopp<hSejleT’s med .^cxa Untersuch , i, 71 

* Hoppe-Seyler Ztechr far Cbem. n Phana v Erlenmcyer, 1864, p 737 

* Starke Jahresbencht fur Thieiicliemie, 1881, p 18 

- Sebabca Ztschr. physiol Chcm., p, 439 

* Michel : Vcih d physOc .med Ges. zaVancbarg. ap. No 3 



PROTJ^IN BODIES 


725 


IvACTADBUMW. 

Water, = 2 20, [ajo = — 36.6® l ^ 


/ = 332 , “ =-364 1 

“ i^ = 4 23 , “ ~ — 37.0 

Another preparation “ p =z ^,12, = — 380 j 

Egg Adbumin 
I. Aqueous solution 

Independent of the concentration [^l/> = — 35 S®!'* 

By addition of hydrochlonc acid “ = — 37 7 j 

2 Dilute hydrochlonc acid 

L^]n = — 37 - 8 ° ® 

3. White of egg, fractionated by its solubility m ammonium 
sulphate solutions, gave 

Fraction r soluble 111 concentrated salt solution, 3 75 i * 

per cent albumin = — 42.90® 

Fraction 2 soluble in half-saturated salt solution, 8 59 

percent albumin “ 34 30 

Fraction 3 soluble in dilute salt solution, 6.48 per 

cent albumin “ = — 25 13 . 


4. Ash-free egg albumin, wheat albumin and pea albumin 
made by the process of Hariiack The specific rotations 
refer to [ar]y, ® 




1 

1 

In alkaline solution 



In acid solution 

The acid solution 

treated 





with NaOH 



In 100 cc 

_ 


_ — 

- 

- 

albtiiiitn from 

solution 


Dialyzed 


toalkaline 

and fur- 


Gram 

Not 

to turbidi- 

until It 

reaction 

ther addi- 



dialyzed 

tyand then 

became 

with 1 

tion of 5 cc 




cleared 

clear 

phenol- 

cone NaCl 




with HCl 


phthalein 

solution 

Piep 




1 

1 

1 

1 


1 ^ 

0 1365 

— 

-54 6'- 

; -69 9° 

- 77 5 ® 

— 97 6“ 

Eggs --i 

0 326 

-57 0® 

1 

( 

1 

• • : 

■■ 

1 ■' 

0265 

• • 

— 462 1 

. -66 8 

—525 

- 55 9 

[a 

0 287 

. . . 

-887' 

— 99 3 


.... 

Wheat B 

0.188 

-930 


.. 

-546 ! 

... 

1 “ 

0 J02 


— 72 6 



— 31.0 

Peas 

0534 


-83 7 


— 62 0 

— 60 2 


1 Sebahen . Ztschr physiol Chem , 9, 457, 459 
- Hoppe-Seyler Ztschr fUr Chem u Pharm , p, 737 
» Starke jahresber f Thierchemie, 1881, p 18 
* Bondzyuski and Zoja Ztschr physiol Chem , 19, ix. 

5 Ber d chem Ges , aa, 3046 , a 3 , 3745 , 35, 204 
< Bulow Pfluger’s Arch f d ges Physiol , 58, 219, 
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constants of rotation of active bodies 


Albumoses (Propeptones) ' 

Protoalbimiose 


^ I 

t 

j 

Dissolved in hydrochlonc acid 
of 0 04 to 0 oS per cent 

Dissolved in sodium carbonate solution 
of 0 12 per cent 

! 

\ 

A, 

r* = I 58S 

[a]/} = — 72 - 6 ^ 

= 2 198 i = 

= — 81.2® 


” = 2 277 

” = — 79-1 

” = 2 223 i? = 21 

“ = — 70.6 

C 

“ = I 925 

” = — 77.9 

” = I 873 ^ = 23 5 

“ =— 80.1 


.... 

.... 

” = 2 361 i? = 22.5 

“ = — 792 

D 

“ = 1.366 

” = — 73.2 

.... .... 

— 

E 

“ = 1.681 

” = — 71*4 

” = I 904 t = 24.5 

” =-763 

”! 

.... 

.... 

” = 2 494 ^ = 24.5 

“ =-* 75-3 


Deuteroalbumose 


Hydrochlonc acid 

withoo6p. c HCl r* =1.680 [0:]^ = — 74 4° 

“ 004 “ “ “ = 1.517 “ =-'- 79*1 

Sodasol. “ 012 “ NajCOj Prep A ” = 2,537 ” = — 74*3 (77*6) 

“ ” “ 0.12 “ “ “ ^“ = 1.765 ”= — 753 

Salt ” ” 05 “ NaCl “ ^”=1,287 ”= — 777(770) 

“ “ ” 0.5 “ “ “ B ” = 1,916 ” = — 720 


Heteroalbumose 

Hydrochlonc acid of o 07 p. c HCl c = 1.748 [«]/, = — 68 65® 

S^asolution c—i 584 ” = — 606 


Fibrinogen. 


I. Dissolved in 2 to 3 per cent. 


From ox blood 


From horse blood 


r f = o 426 
c — o 414 
^ = 0318 
c — 0.263 

0.808 


NaCl solution 
NaCl + ash 
1.362 p c [ a]D 
I 752 “ 

I 415 “ 

1819 ” 

Mean ” 


= - 35 2° 
= — 36 2 

= — 365 

= — 377 
= -368 


i 


3 744P c ” = — 505 


Solutions with more than 0.5 per cent, of fibrinogen can not 
be polarized on account of the marked opalescence. 

*c ash-free 

J Kuhoe asd Chittenden Z f Biolc^e von Kuhne n Voit , 20, (n F 2), 25 to 48 
- Cramer Ztacfar phystol Chem , 33, 83 
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2. Dissolved in NaCl solution : 


From horse blood 


- c — 0.205 
^ = o 289 
<? == o 532 
^ ^ = o 291 


NaCl + ash 

1.045 p. c. [a'ln — ~ 50.6 
1.141 “ = — 51.5 

2.251 “ “ =•— 53-9 

2.409 “ “ = — 54*1 

Mean *' = — 52 5 


3 


Dissolved in 0 r per cent, solution of sodium carbons 


c = 0.481 
r = 0.225 
^ = o 400 
f = 0.592 


NaaCOs + ash. 

1.788 p c. [ar]i3 = — 46.7° * 
1.341 “ “ = — 44*5 

1.611 “ “ ==-45 7 

2.284 45 I -* 


Sfrumgwbuwn. 


Salt solution [a]j) = — 47 8® 


CRysTAi.i:,iN. 


From the crystalline lens . 

<2-Crystallin Water, ^ = 3.29, — 46 9° ] ^ 

/ 3 -Crystallin “ / = 3.i2 “ — 43,3 - 

“ “ /=:i.8o =-43*i 


Albumoid from the crystalline lens 

Water / = 2 33, [or]/, = - 50 9®] 

“ > = 2 5x, — 52 2 J 


VlTFLLIN. 


[or]/) = — 43 6° )“ 
“ ==^- 43 35 j 


Syntonin 

From the myosin of muscles by solution in very clilu 
hydrochloric acid, or by action of strong hydrochloric acid < 
albumin Solution in very dilute hydrochloric acid 
[or]/, = — 72® (Independent of the concentration ) 

Almost the same rotation is found in weak alkaline solutio 

1 Mittelbach Ztschr physiol Chem ,19, 289 
* Cramer /did , 33, 86. 

® Pr6dencq * Arch de Biolog , i, 17 
X Morner Ztschr physiol Chem , i^, gr, 99 
5 Mdrner /did , i8, 77, 88 

8 Chittenden and Mendel Jahresber f Thierchenne von Maly, 1895, pp ag, 33 
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On heating the hydrochloric acid solution in a closed vessel 
about loo®, the rotation is increased to 
la:]n - 84 ^ 


AIvBUMINAI'ES 

a 

Formed by the action of strong potassium hydroxide solut 


on albumins. As maxima there were found 

Albuminate from serum albumin [ a]/) = — 86° 

“ “ uncoagulated egg albumin “= — 47 

“ “ coagulated “ “ “== — 58 

“ casein (solution in strong KOH 

Rotation variable with amount of alkali) ... . “ = — 91 

Casein. 

In magnesium sulphate solution [a]^ = — 80° 

In water containing 4 cc of fuming hydrochloric acid, 

per liter <* = — 87 

In the smallest possible amount of sodium hydroxide 

solution “ = — 76 

In aqueous solution, as strong as possible [a]j=: — 117 

Hemieeastin 

Water . . . , p = 2 509, [ar]z)= — 9a 7° (approx.) 


Elastinpeptone . 

Water / = 6,14, [ar]/j= — 87 9° ® 

* Hoppe-Seyler Ztsch f Chem ti Pharm von Erlenmeyer 1864, p 742 

* Hoppe Seyler Ibid , 1864, p 757 
s Hoppe-Seyler Loc cit 

* B^champ Bull soc chim , [3], ii, 152 

® Horbac2ewsla Ztschr physiol Cheni , 6, 337, 343 
Horbaczewski Ij)c cit 
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. . 137 
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491 
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463 
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137 
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22 fi 
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taste . . 
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'133 
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44 
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47 
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44 
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Birotatiott . .... . . 

Bodies resoUed by fungi . . . 

Boltzmann’s formulas . . . . 

Bon-bons, sugar in . . . . . 

Bone acid and tartrates . ... 

Bojyl tartrates 
Bnx table for sugarWutions 
Broch’s method for rotation dispersion 
Bromcamphorsulphonic aad in resolution . . 
Calculation of optical modifications 
sensitiveness 
Camphor, determination of 

oxime, resolution of 
specific rotation 
Candy, sugar in 
Cane sugar and alkalies . 

determination of 

specific rotation . . . . 

and temperature effect 
Caramels , ... 

Causes of multirotation 

Celluloid, camphor in ... 

Change in specific rotation by dilution 
Changes in specific rotation, various 
Chlorcamphorsulphonic acid in resolution 
Cinchona alkaloids 
Cinnabar, crystal rotation 
Circular polarization, theory of 
Classification of active bodies 
Clerget s formula 
cocaine determination of 
specific rotation 

Complex polj menzed molecules 
Compounds with several asjmmetnc carbon atoms 
Concentration and specific rotation 
of solutions 
effect on rotation 
Conditions of racemizatiou . 
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Constants of rotation 
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polanscopes 
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C^pellidine reselatxon of 
Cumu’s polarizer 

Crum-Brown s hj^pothesis on rotation 
Cni ^alline form and rotation ... 

mixtu’-es . , . , 

Crystals rotation dispersion of 

Cr\stal sugar and raffinose 

Cultures for resolution 

Density of lacemic compounds 

Dependence of rotary power on masses of radicals 

Determination of alkaloids 

camphor * 

cane sugar.. 

cocaine 

concentration 


257 

. 127 

. 147 
487 
246 
225 
474 

419 

1 13 

55 to 65 

340 

497 

1 14 
191 

487 
251 
. 463 

z66 

383 

487 

273 

497 
20^ 

215 

113 

498 

13 

41 

7 

484 

501 

168 
232 
296 
203 
458 

169 
96 

4S7 

505 

358 

316 

436 

112 

344 

299 

7 

II 

148 

482 

117 

79 

299 

498 

497 

463 

501 

458 
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Deter nimati on of galactose . . 

.4 

glucose 

. . . 4 ' 

maltose . . , , , < 

, . . 4 ' 

milk sugar ... 

4 ' 

nicotine ... 

. . 5 ' 

percentage strength , . , 

4 i 

rotation dispersion . . 

. 4 

specific gravity , , . . 

, 4 ^ 

specific rotation ... 

It 

Dextrorotation . . , , 

, .... 

Dextrose and calcium chloride . . ... 

. . 3 < 

determination of . . 

4 *: 

in diabetic unne 

. 4 c 

Diabetic unne, sugar in , . .... 

4 ? 

Dilute solutions, specific rotation of 


Directions for making polarisations . . 

At 

Dispersion formulas of Boltzmann and I#ommel 


Dissociation oi active salts 

22 

Double field instruments 

35 

wedge compensation 

36 

Karth’s inagnetism, effect of . 

3 fi 

iSffects of errors of observation 

46 

linkage 

29 

temperature in saccharimetry 

38 

on speafic rotation 

44 

Klectnc light . 

39 

Electrolytic dissociation 

21 

Errors of observation, effect of 

46 

sacchanmeters 

38 ( 

Esterification, resolution by 

11' 

Esters of lactic acid 

2K 

malic acid 

28 

Ethyl dextrotartrate, specific rotation 

18' 

Ethyl pipendine, resolution of 

1 1 

Filtration of solutions, change of strength by 

44 ? 

Formation of active bodies in vegetable cell 


active isomers 

I 3 f 

racemic bodies 


Formula of Clerget 

4 N 

Formulas for rotation 

^ to 6 

of reduction 

175 

French sacchannieter scale 

372 

Fresnel's theory 

1 ' 

Fric’s sacchannieter 

392 

Fungi, resolution by 

117 

Galactose, determination of 

496 

Gas lamps 

393 

General formulas 

3 to fi 

Gian’s prism 

310 

Glucose, determination of 

491 

Grape sugar, determination of 

491 

Gumlich, rotation of quartz 

152 and 415 

Guye’s hypothesis 

299 

Half-shadow instruments 

335 

by Cornu 

344 

Fnc 

392 

Heele 

348 

jellett 

342 
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of quartz 

I^ure campho” 

I*aurent s pol mzer 
of polanzation 
bicBel theory 
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Lindner daU on fungi for resolution 
Linkage of carlion atoms . 

Lippich's light filters 

method for rotation dispersion 
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Lfiiuiti racemic compounds 

Ia3mme3 s method for rotation dispersion 

Lummer s instruments 

Magnetism ea-xh* effect on rotation 
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Malic acid, esters 

rotation dispersion . . • • 

Maltose, determination of 
Matico camphor . ... 

Measurement of angle of rotation 
length of tube 

Measuring flasks 

Meltiiig-polut of compounds 

Mercury lamp , , . 

Milk sugar, determination of 
specific rotation 
Mitsclierlich apparatus . 

Mixture of two active liquids . . 

Modifications of inactive configuration , 

Mohr cubic centimeters 
Molecular aggregation 
asymmetry 
rotation 

weight of racemic compounds 
Molybdates, effect on rotation . 

Multiiotation 
Nature of rotating power 
Nicol’s prism 
Nicotine, deteniiiuation of 
rotation dispersion 
specific rotation 

Nitrogen compounds, asymmetric 
Normal sugar solution 
Number of optical modifications 
Numerical values for specific rotation . 

Observations, errors in 

with homogeneous light 
Optical center and brightness 
of gravity 

constitution of active liquids 
modifications 
superposition 
rotation, applications 
Oxy-acids, multirotation of 
Farasantonide, specific rotation 
Pasteur’s theory of asymmetry 
Patchouli camphor 
Path of rays in polariscope 
Penicillium glaucum in resolution 
Percentage strength of solutions 
Peters’ sacchanmeter 
Petroleum lamp 

Phenyl ethyl amine, resolution of 

Physical and chemical behavior of optical modifications 
laws of polarization « 

Physiological differences in antipodes . . . . 

Pipecoline, resolution of . 

Polariscopes, construction of 
Polarizer . . 

Polarization by reflection ... 

refraction . . 

in quartz 

tubes , . 
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Polymerized molecules . . . . 

Pope and Peachey, asymmetric nitrogen and sulphur 

Position isomensm 

Powdered crystal®, rotation of , 

Practical applications of rotation 

directions . . 

Preparation of sugar scale 
Pnhram’s lamp 

Pnsms . . 

Production of racemic bodies . 

Proof of Biot’s formulas 
Propylene diamine, resolution of . 

Propyl pipendine, resolution of 
Pure cultures for resolution 
Purification of light 
Pycnometer 

Quadruple field instrument 
Quartz, rotation dispersion of 
specific rotation 
Quotient for sirups 
Racemic bodies, production by heat 

compounds, distinction from active forms 
Racemically and structurally inactive isomers 
Racemization by heat . * 

Raffinose 

Rate of change in rotation 
Ray filters 

Rays, path of, in polanscope 
Reciprocal transformation of isomers 
Reduction formulas 
Relation of angles and aj 
Resolution by active compounds 
alkaloids 
crystallization 

esterification and saponification 
fungi 

stronger organic acids . 
tartanc acid 
of racemic compounds 
Reusch’s mica plates 
Reversal of direction of rotation 
Rbamnose, speafic rotation 
Ring structure molecules 
Robiquet’s polanscope 
Rochelle salt, rotation of 
Rotating power 

Rotation and chemical constitution 
crystalline form . 
length of column 
wavfe length of light 

change in . , . 

dispersion . . . 

Broch’s method - , ... 

I^andolt's method 
V. I^ang’s method 
I,ippich’s method 
l^mmel’s method 
Seyffart’s method 
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Rotation despersioii, Wiedemann’s method . . 

in crystals .... 

Ill liquids .... 


421 

148 

*54 


of isomers . . 

powders .... . . . 

sodium ligfht by quarts ... 

Rubidium tartrate . 

Saccharimeters . . 

Saccharimeter of Fric , . . . . 

Peters 

Schmidt and Haeusch ... 

Soleil-Venteke 

Stammer for beet juice 
sugar scale for 

wedge compensation 

Saccharimetry . ..... 

and temperatiue 

Saccharose, deterniiuatiou of 

in presence of raffinose . 

Sautonide, specific rotation .... 

Saponification, lesoliition by . ... 

Savart’s polariscope 

Schmidt and Haeusch control tube 

double wedge compensation 
half-shadow saccharimetei 
simple wedge compensation 
Sclionrock, lotatiou of quait/ , 

SeylTart’s method for rotation dis^erston 
Signs of rotation 
Simple wedge compensation 
Sodium chlorate, rotation dispeisiou 
dame lamp 

light, center of giavity 
Soleil double plate . 

Soleil-Ventzke saccharimeter 
Solubility of active and racemic inodiiicatioiih 
antipodes 

Solutions, determination of percentage strength 
Solvent, effect 011 specific rotation 
Soret and Guye, rotation of quart/ 

Speafic gravity and temperature 
determination 
rotation 

and electrolytic dissociation 
effect of solvent 

temperatiue 
miiiiinum value for 
of active solids 
complex systems 
dilute solutions 
Spectral purification of light 
Spontaneous resolution 
Stammer’s beet juice saccharimeter . 
Stereoisomers, rotation of . . ... 

Strontium dithionate 

Sttyclmine sulphate . 

Sugar in cakes, determination , . . ... 

caramels . 
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Polym 
Pope $ 
Positw 
Powd< 
Practi 

Prepa 

Pnbn 

Pnsm 

Prodtj 

Proof 

Prop3 

Propi 

Pure 

Punfi 

Pycni 

^uad 

^uar 

C^uot 

Race 

Race 

Race 

Raffi 

Rate 

Ray 

Rays 

Reel' 

Redt 

Rela 

Reso 


Reui 

Rev( 

Rba 

Rmj 

Rob 

Roc 

Roti 

Roti 


Sugar in chocolates . . 

other products . , , 

scale 

sirups, analysis of 
Sugars, multirotation of , 

showing multirotation 
Sulphur compounds, asymmetric 
Summation of rotating power 
Synthetic conine, resolution of 
Tables, calculation of cane sugar . 

invert sugar 

correction for Bnx readings 
expansion of water 
optical centers of gravity . 
solutions for ray filters . . . 

Tartaric acid in resolution 

rotation dispersion . . . 

specific rotation. ... 

Temperature and sacchanmetry, effect 
effect on speafic rotation 
of transition . 

Testing the sacchanmeter scale 
Tetrahydronaphthylenediamine, resolution of 
Tetrahydropapavenne, resolution of 
Tetrahydroquinaldine, resolution of . , 

The 100 point on sacchanmeters 
Theory of Soleil double plate 
Tobacco, nicotine in . . . 

Transformation of active isomers 
Transition temperature 
Triple field instrument 
True specific rotation 
Tubes for polarization . 

Tungstates, effect on rotation of tartaric acid 
malic acid 


Turpentine, specific rotation of . . . 

Van’t Hoff, calculation of active modifications 

Van’t Hoff-I#eBel theory . 

Variable specific rotation 

Variations in specific rotation 
Vegetable cell, formation of active bodies in 

Ventzke sugar scale 

Water jacket tubes 

specific gravity tables 
Wave length of light and rotation . , 
Wedge compensation 
Weighing solutions ... 

Welsbachlamp . . 

White light lamps 

optical center . . . . 

Wild’s polanstrobometer 

Zirconium light ... . . . 
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quinine 
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hydrochlonde 
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Adonitol 

structure 
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formate 
hy irii*. 

5^ 

S08 
508 
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Albumin 


7*4 
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Albuminates , . 
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Albumoid from crystalline lens . 
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" 507 
50S 

Albumoses 
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50S 

Alkjl oxypropionic aads 
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Allocinnamic acid dibromide, resolution 
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Allomucic acid, structure. 
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508 
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d-.Amylacetic acid 
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/ Amyl alcohol 
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den\ati\ei 
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701 

amine 
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hj drochlonde 


5 
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717 
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d-amylmalonate 
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bromide 
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hydrobromide . 
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hydrochloride. 
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hydroiodide 
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perchlorate 

6S5 

sulphate 

6S4 

Apo<jumamine 

694 

acetyl derivative 

694 

Apoqmnidme . 
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chlonde 

^ 680 

diacety 1 chlonde . 
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Arabic and 
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AraTjin 
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I Arabino‘^e 

575 

Arabiiiusazone 

575 

Arahitol 

sn 

*!tructiire 

61 

Aral tonic and. 

544 

anhydnde 

544 

multirotation 
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strontium salt 

544 

Arginine 

66S 

salts 

66S 

Anbine 

66S 

Annne 

692 

Arseny! tartanc and 

552 

ta'^rate, dissociation 

225 

Art final cunme . , 

709 

dextnne 
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Asafetida oil 

662 

Asebotoxin 

717 
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i’esolution 
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Aspartic and 

5S, 540 

racemi/ation 

94 

rotation . 
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Aspidospermati ne 

66g 

Aspidospennine 

66S 

Asymmetric nitrogen compounds 

52 

, sulphur compounds 

53 

Atisine 

66S 

salts 

66S 

Atropine 

669 

salts 
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Aurantim 

. 714 

Aurantiol . 
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Australene 
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Barium ethyl tartrate 
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malate 
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Basihmm oil . 
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Curled mint oil 


663 

diacetyl derivative 

. 686 

Cusconme 


692 

Dibenzoylglycenc acid esters 

. 290 

Cyancamphor 


646 

Dibenaoylmethyl tartnmide . - 

. 561 

derivatives 


647 

Dibenzoyltartanc acid 

- 558 

Cydamose 


604 

anhj dnde 

558 

Cystin 


525 

diethj'l ester 

558, 559 

Cytisine 


707 

diisobutyl ester 559 

nitrate 


707 

dimeth} 1 ester 55S, 559 

Dehydromorphine 


704 

Dibrommenthone 

625 

Pelphinine 


707 

Dicamphor 

655 

Delphinoidine 


707 

derivatives 

656 

Desosycholic acid 


722 

resorcin 

649 

Desoxystrychnine hydrochloride 


706 

Dicaptylmalate 

534 

Deuteroalbumose 


726 

Dichlorcamphor 

643 

Dextran 


609 

Dicinchomne 

697 

Dextnnes 


608 

hjdrochlonde 

697 

Dextropimanc aad 


666 

Dieth>l acetylmalate 

534 

Dextrose 


582 

amylmalonate 

507 

determination 


491 

amylnitrobenzylmalonate 

507 

rate of change of rotation 


267 

bromacet> Imalate 

534 

Dextrotartanc acid, salts 


548 

brombutj rylmalate 

534 

Diacetylapoquinine 


677 

bromisobutj rylmalate 

534 

Diacetyl tartanc acid 


556 

brompropionj Imalate 

534 

anhydride 


556 

diamylmalonate 

507 

compound with eth- 


dibenzoyltartrate 

539 

ylene dianune 

557, 

558 

tolu j Itartrates 

560 

dibutyl ester 


557 

isobutj rylmalate 

534 

diethyl ester 


557 

iso\ alerjdmalate 

534 

dusohutyl ester 

557 

malate 

* 534 

dimethyl ester 


557 1 

monobenzoyltartrate 

55« 

dipropyl ester 


557 

mono-o- OT-,>-,toluyUartrates 559, 561 

Diamyl 


505 

propionylmalate 

53^ 

acetate 


507 

tartrate 

55‘ 

amine , 


509 

Digitalonic acid 

54< 

amylmalonate 

. 

298 ! 

Digitonm . 


antidimethylsucdnate 

. 

507 

Dihydroxycyancampholytic add 

. 65' 

bromfumarate 


507 i 

photosantinic aad 

7U 

brommaleate 

. 

507 

esters 

. . 7I' 

chlorfumarate . 

506, 508 

Diisobutyl acetylmalate 

. 53 

chlormaleate . 

506. 507 







Diisobutyl broinacetylmalate 

534 1 

n-butyrylmalate . 

534 

cinchonine hydrobronnde 

682 

isovalerylmalate 

534 

malate 

534 

tartrate 

556 

Dnsopropyl malate 

534 

tartrate 

556 

Dill oil 

664 

Dimethyl acetylmalate - • • 

534 

bromacetylmalate 

534 

ft-butyrylmalate 

534 

chloracetylmalate . - , 

534 

dibenzoyltartrate 

559 

toluyltartrates . . 

isobutyrylmalate 

560 

. 534 

malate 

534 

nitromalate 

534 

propionylraalate 

534 

tartrate 

* 555 

Diphellaudrene 

619 

Diphenyl acetyltartanc acid anhydride 

559 

ethylene diamine 

510 

propionyltartancacidauhy’n'e 559 

Dipropyl acetylmalate 

534 

broma cety Imalate 

534 

?i-butyrylmalate 

534 

chloracetylmalate 

534 

isovalerylmalate 

534 

malate 

534 

tartrate 

556 

Diqiiinine sulphate 

675 

Disaccharides 

596 

Diterpenes 

659 

Diterpilene 

659 

Dog fennel oil 

664 

Dulatol 

512 

Dwarf pine oil . 

663 

rf-Ecgonine 

698 

derivatives 

699 

hydrochloride 

699 

methyl ester 

699 

/-Ecgonine hydrochloride 

700 

Ecgoninic acid 

701 

Echicenn 

717 

Ecbiretin 

717 

Ecbitein 

• 717 

Echitamine 

. 707 

Echitm 

* 717 

Egg albumin 

725 

Elastm peptone ... 

728 

Elemi oil 

664 

Ergostenn , . . . 

. 719 

Esters of r^amylacetic acid 

. 515 

brompropionic acid 

, 517 

chlorpropionic acid 

517 

glyceric acid 

523 


jesters of lactic acid . 516,5^7 

/-mandelic acid 520* 

methoxysuccmic acid . 537 

oxybutync acid 518 

phenyl bromacetic acid , 52* 

chloracetic add 521 

dichlorpropiomc acid , 524 
tartaric acid S54 

valenc acid 5^4 

Ethereal oils . . 660 

Ethoxysuccinic acid, resolution 106 

<f-Etlioxysuccinic acid 538 

acidam’oniuni s’lt 538 


banutu salt . . 

calcium salt . . 

esters of, , 
normal animoui- 
urn <5alt 


/-Ethoxysuccinic acid 


53S- 

538 

538 

538 

539 


acid ammonium salt 539 


esters 

Ethyl acetylmalate 
amyl 

amylacetate 

amylacetoacetate 

amylether 

benzoylmalate 

borneol 

camphene 

dextrotartrate 

diamylacetate 

diamylacetoacetate 

malate 

0 -, w#-,7i-,toluylmalates 
piperidine, resolution 
tartaric acid 

banum salt 
calcium salt 
lithium salt 
potassium salt 
sodium salt 

tartnmide . 
valerate 

Ethylene diamine ditartrate 
Eucalyptus oil 
Euphorbon . 

/-Fenchene 

Fenchol 

d-Fenchone 


/-Penchone 

oxime 
rf-Fenchyl alcohol 
/-Fenchyl alcohol 
rf-Fenchyl amme 


density 


. . 539 
- , 535 

. 505 
, , 507 
, 507 

. 5D9 
535 

633 

628 
185, 555 

. 507 
507 

. . 535 
535 
. 112 
. 555 

555 
. 555 

. . . 555 
. 555 
. 5SS 
. . 561 
* . 514 

. 554 
. 664 
. 717 

633 
. ^7 
. 657 

657 

. 80 

658 
658 

637 
637 


benzyhdene compound 639 
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i-Peiichyl amine 639 

acetyl compound 639 

benzyhdeiie compound 639 
bntyryl compound 639 

derivatives, change in 
rotation . 292 

formyl compound 639 

inethoxybe nzylidene 
compound . 640 

oxybenzylidene c o m - 
pound . . 640 

, propionyl compound 639 

Fennel oil . 664 

Fennentatioii gum , 6og 

lactic acid, resolution loi 

Fibrmogin , 726 

Fir needle oil 663 

Frankincense oil 664 

rf-Fructose 589 

miiltirotatioii . 265 

Fruit sugar 589 

Fucose 577 

multirotation 264 

^-Galactan 607, 609 

y-Galactaii 609 

a-Galactm 609 

Galactonic acid, resol utioii 107 

rf-Galactonic acid 566 

calcium salt 567 

multirotation 279 

d- Galactose 579 

amlide 581 

carboxylic acid 569 

determination 496 

multirotation . . 262, 580 

oxime 581 

multirotation 262 

pentacetate 581 

phenylhydrazone 581 

structure . 62 

p toluide 581 

/-Galactose 5S1 

Galaheptilol 513 

^-Galaheptose 5S8 

Galaoctomc acid 572 

Galaoctose 589 

Galbanum oil 664 

Gallisin 604 

Geissospermine 697 

Gelatinous substances 723 

Gentmnose 607 

Geraniol , 613 

Geranium oil 664 

Ginger oil . 664 

Globulin 727 

a-Glucoheptomc acid 569 

structure . « 64 




jS-Glncoheptoiiic acid , 5 

multirotation a 

structure 

a-Glucoheptose 51 

multirotation 2 

structure . 1 

^-Glucobeptose 5 

structure , 

</-Glucoinc acid . 51 

anhydride 51 

calcium salt. . . « 5< 

multirotation 2' 

structure i 

/-Gluconic acid 

anhydride . 5< 

. calcium salt 5< 

a^Gluconoiionic acid 5; 

a-Glucooctitol . 5] 

a-Glucooctonic acid 5;; 

jS-Glucooctonic acid 5^ 

a-Glucooctose 58 

multirotation . 26 

i3-Glucopeiitoxypimehc acid, structure 6 
Glucoronic acid 56 

anhydride 56 

potassium salt 

Glttcosacchannic acid anhydride 54 

ff-Glucose 5t 

amine hydrobromide 5? 

hydrochloride 58 

anilide 58 

denvatives ' 58 

determination 4c 

ethyl mercaptal 58 

111 presence of inactive bodies 58 
nionochlorhydrm tetracetate 58 
uuilti rotation 

oxime 58 

multirotation 26 

paratoluide 58 

pheuylhydrazoiie 58 

multirotation 2i 
structure i 

tetrasulphunc acid chloride 58 
tnsulphiinc acid 58 

/-Glucose 58 

multirotation 2t 

Glucosides 7] 

synthetic 71 

Glucovanillui 71 

d!- Glutamine 5^1 

Glutamiuic acid, density of active and ra- 
cemic forms { 

rf-Glutaminic acid 5< 

calcium salt 

hydrochloride 54 

/-Glutaminic acid 5,! 





744 


INDEX OE ACTIVE SrsSTANCES 


r'GlutamiAic acid, resolution . . . 

102 

Hydroshikimic add 


o-Glutin . . 

723 

dibroTOMle 


j 3 *Glutin ... 

723 

Hyosciae . 


tf-Glycenc add 

523 

Hyoscyamine 


esters, rotation 

290 

salts 


salts, solubility . , 

81 

Hyposaatonic acid . 


Glycocholic add 

719 

Iditol, structure 


sodium salt . . 

719 

d'-ldonic acid 


Glycogen . . 

609 

/-Idomc acid 


Gossypose ... 

605 

structure 


Graminin . . 

610 

Idose, structure 


Grape sugar . . 

58a 

Imides of tartaric acid 


determination 

491 

Imperialine 


Gulonic acid lactone, resolution 

lOI 

IndifiTerent bodic'i 


d'>Gulonic aad 

566 

Inositol 

5 5., 3 ^==® 

anhydride 

566 

Znulein 

’ Bx<^ 

structure . . 

62 

Znulin 

Bxo 

Gulose, structure , . 

62 

Inversion of sugar 


Gurjon balsam oil 

664 

Insert sugar 

5 ^* 

Helicin 

7 t 3 

aniinart'^e 


Hemicamphor phenol 

649 



Heiuielastm . . . 

72s 

effect uf trmpcTjtt i-e 

{jU ro- 

Hemlock oil 

663 

tatibn 


Hemp oil . 


influenct*" A^tct tijs rotation 5^?^ 

Heptitols . . . . 

512 

Irisin 

Bxx 

Hespendene 

614 

rf-Iroue 

6 :z 7 

Hespendin . 

714 

Isaconitine 


Heteroalbumose 

726 



Hezitols 


hydrochlanfie 

sBr 

d’-'Hexylalcohol 

510 

h> dfL^iodide 

BB 7 

d-Hexylcaproate . 

524 

Isatropj Icocaine 

7 * 0 * 

Homoaspartic acid, resolution . 

102 

Isoamylaniy I ether - 


cinchonidine 

691 

Isoapocinchc nin e 


acety 1 derivative 

691 

.-hlo* it-natne 


hydrochloride 

691 

dihyd- rhionde 

e&B 

sulphate 

691 

Isoborneol 

^37 

cinchonine . - . . 

6,S6 

Isobuty latnyl 

5«>3 

dihydrochlonde . , 

6S6 

cainphene 

fVnrS 

hydrochloride 

6S6 

ethe’- 

50^ 

Homoconic acid .... 

710 

1 a-Isobut>l p.peTiiinr 

— 30 

Homoqmnine 

677 

1 Isobutyl valerate 

5^-4 

Hop oil . . . 

664 

I Isocamphenol 


Hydrastme . . . 

671 

1 Isocanipbolic acid cth% etne” 


salts 

671 

1 Isocampbonc 


Hydrastinine 

671 

j den%'’t\ 

So 

Hydrocarbons 

505 

es 4 c’‘» 

^55 

Hjdrochloranchonine dihydrochloride 

6S2 

Isocholestenn 

. 7x9 

Hydrocznchonidine . . . 

694 

1 a-Iaocinchonine 


acetyl derivative . . 

695 

hydrochloride 

6S3 

amd sulphate . . . 

695 

1 ^-Isocincbonine 

6S3 

hydrochloride . 

695 

j hydrochloride 

. 

neutral sulphate 

695 

1 Isoconine 

709 

Hydronicotine . . . 

712 

1 benxoyl den rati ve 

, 710 

Hydroqumicme ... . . 

697 

1 IsocGpellidme reac^uticm 

XZ 3 

Hydroqmnme . . . . . 

697 

j cf-IsocQpellidxue 

71a 

acetyl derivative . . 

697 

1 Msocopellidixie 

7 X 36 

neutral sulphate 

697 

1 Isodulmte 

577 



INDEX OF ACTIVE SUBSTANCES 


745 


Isodulcite, mttltirotation , . . 

m m * m 

263 

Xerosm 

6zz 

Isodulatau’ 

• • * 

578 

I/Cvulan 

6zz 

Isodulcitonic acid . 


54 ^ 

I^evuloae .... . . 

589 

Isohespendin , ... 


7 H 

carboxylic acid 

569 

Isomaltose . . , . 


604 

multirotation 

626 

Isopilocarpiue , . 


708 

Ificarene ... 

6 Z 2 

hydrobromide 

. . 

706 

Ificareol, d- and /> . . 

612 

hydrochlonde 

. . 

708 

I^icarhodol 

613 

nitrate . . 


708 

acetate . . 

6z3 

rf-Isopropylphenylchloracetic acid . . 

522 

Xrimeoil . 

664 

Isopropylphenylglyeolic acid, rcsolation 

no 

l^monene . 

49 

/f-Isopropylphenylglycolic add 


522 

ef'Xfimonene 

614 

rat^miza 


benzc^lnttrosochlonde 

6x5 


tion . 

94 

hydrochloride . 

614 

/“Isopropylphenylglyeolic acid 


522 

hydrochlor-nitrolbenzylam- 


Isopulegol . . . 


622 

inc , . 

615 

Isorhamnonic add, lactone . 


548 

a- and /^nitrolanilides 

615 

Isosacchanc acid . . . 


571 

A-nitrolbenzyla mine 

615 

diamide . . 


571 

a-and^-nitrol pipendine 

6x6 

diethyl ether 


571 

A- and |3-nitrosochlondes6x4, 615 

Isosacchann 


545 

/-Ifimonene 

616 

/-I soterebentheue 

, 

632 

benzoyl compound 

6x8 

rf-Isoterpene 


632 

nitrosochlonde 

617 

/-Isoterpene . . . 

. 

632 

hidrochlonde 

616 

Isotnoxysteanc acid 

. 

544 

«“ and ^-nitrolanihdes 

617 

I\’y leaf glucoside 


7 M 

mtroso compounds 

617 

Jumper oil 

. 

664 

a- and ^“nitTol pipendines 

617 

Ketoses 


5S9 

a-nitrosochlonde 

616 

Koprostenn 


7 ig ' 

i 3 >nitrosochlonde 

617 

a-l^ctacerol 


71S 1 

tctrabromide 

6x6 

i 3 -l^ctacerol 

, 

718 j 

/-l«inalool bi2. 

613 

l^actalbumin 


725 1 

I^ithium lactate . 5^6, 

517 

t/“I/actic acid 


515 1 

malate 

531 

/-bactic acid 


516 1 

l^ithofellmic acid 

723 

esters 

284. 516. 517 1 

l^upeol 

717 

multirotation 


2S0 ' 

Lnpeose 

607 

resolution . 


107 1 

I«3caconitme 

663 

I^actobiose 


599 j 

I,yxonic aad 

545 

I^ctoglucose . 


579 1 

structure 

60 

lysctose. . .... 

599 

601 1 

Ljxose, structure 

60 

determination . . 

. , 

48S 1 

Mace oil 

665 

multirotation . . 

, 

265 1 

/-Malamide 

564 

l«actosin 

, 

612 1 

Malic acids 212, 526, 

535 

l,audanidine 


704 ; 

action of molybdates and 


I^udanme 


704 j 

tungstates 

250 

hydrochlonde 


704 1 

density of different forms 

80 

I^audanosine . . . 


704 1 

diamide 

534 

Xaurel camphor . 


640 1 

dianilide 

534 

determination 

. 

497 i 

di-o- and “/“tolmdcs 

534 

rotation of solid 

. 

'5 1 

direction of rotation, reversal 


X^\ender oil 


664 I 

of 

20 Z 

I^vendol . 


6X2 

esters, constitution and rota- 


I^mon oil 


661 

tion 

282 

dispersion coeffident 

. 

IS 5 

rotation 

291 

l^ucin, solubility 

, 

8x 

in different solvents . 

328 

/^I^ucin 


5*8 

melting-point 

S 3 

/“Leucin 

. 

519 1 

naphtimide 

534 
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Malic acid, resolution of 

106 

rotation dispersion 

159 

Maltodextnne 

608 

Maltose 

601, 603 

determination , 

495 

raultirotation 

266 

Maltosacchannic acid anhydride 

545 

Mandarin oil 

665 

Mandehc acid, density 

80 

resolution 

lOS 

</-Mandelic acid 

520 

racemization 

94 

/-Mandehc acid 

520 

esters 

. 520 

rf-Manmtol 

5 lt 

/-Mannitol 

5X2 

Mannitol group, action of molybdates 256 

action with borax 

- 253 

melting-point , 

83 

structure 

63 

Mannoheptitol 

512 

meltmg-poiut 

83 

i/-Mannoheptouic acid 

569 

anhydnde 

570 

/-Mannoheptomc acid 

570 

rf-Mannoheptose 

265, 588 

/-Maniioheptose 

588 

Mannouic acid anhydride 

. 566 

resolution 

107 

rotation 

566 

structure 

62 

rf-Mannouououic acid 

574 

Maimononose 

589 

Maunooctomc acid 

. 572 

^•Mannooctose 

588 

Mannosacchanc acid 

S 7 X 

structure . 

63 

^-Mannose 

587 

oxime 

587 

multirotation 

263 

structure 

62 

/-Mannose 

587 

Mastic oil 

665 

Matezitol 

512 

Matico camphor 

658 

rotation of solid 

14 

Matncana camphor 

656 

Melezitose 

. 606 

acetate 

606 

Mehhiose . . , 

604 

Melitose 

. 605 

Mehtriose 

605 

Melting-point of active and racemic 

forms 83 

^/-Menthene 

. 619 

/-Menthene 

620 

structure 

. 49 

/•Menthol 

620 


/-Menthol, benzoic acid ester 621 

carbonate » 620 

phenylcarbamic acid ester 621 

phthalic acid esters 621 

succinic acid esters , 620 

tolylcarbamic acid esters 621 

urethane 620 

rf-Menthone * » 625 

dibrotn compound 625 

oxime 625 

hydrochloride 625 

/-Menthoiie 625 

oxime 626 

liydi ochloride 626 

{/-Menthylainine 622 

acetyl compound , 623 

butyryl compound 624 

formyl compound 623 

hydrobromide 623 

hydrochloride 623 

liydroiodide 623 

pTopionyl compound 623 

/-Menthyl amine . 624 

acetyl compound 624 

butyryl compound , 625 

formyl compound 624 

hydrobromide 624 

I hydrochloride 624 

hydroiodide . 624 

propionyl compound 624 

Menthyl esters, table of . 621 

Mesotartaric acid . 60 

Metasacchann 546 

Metasacchariiiic acid anhydride . 54c 

Metasantomii . 7if 

Methocodeine . 70^ 

derivatives 70, 

Methoxysuccinates, solubility . 8 

Methoxysuccinic acid, resolution of lof 

tf-Methoxysiiccinic acid 53^ 

esters 53: 

salts 536, 53' 

/-Methoxysuccinic acid 53 

esters 53, 

salts 53' 

Methyl acetylmalonate 53' 

amylether 501 

henzoylmalate 53' 

camphor 64 

codeine, sulphate 70 

conme . 70 

ester of methoxysuccinic acid 53 
hexose 58 

hexyl carbinol 51' 

hexyl ketone Si' 

malate , , 53 

pipendine . 70 



INDBX OF ACTIVE SUBSTANCES 74; 


Mcthjl propyl phenjl amyl ethers 510 

tartaric acid . 554 

salts 555 

tartrimide . 561 

t>-, m-, and >>to1uylmalate 535 

valerate . 514 

Milk sugar . 599, 601 

birotation . . . 600 

constant specific rotation 167 

determination . 48S 

nmltirotation 265 

octoacetate , 601 

«.-Monohroracamphor . 643 

sulphochlonde 644 

sulphonamide 644 

sulphonic acid 644 

salts 644 

/ 3 -Monobrom camphor 645 

y-Monobrom camphor 645 

Monocamphor phenol 649 

Monocamphor resorcin , 649 

a Monochlorcamphor 64a 

sulphochlonde 643 

sulphonamide 643 

sulphonates 643 

^'Monochlorcamphor 643 

y-Monochlorcamphor 643 

Monoiodo camphor 645 

Monomethyl tartrate 554 

Morphine . 701 

acetate . 702 

hydrochloride 702 

sulphate 702 

used in resolution . 104 

Mucic acid . , 571 

Mycose , , . . 604 

Napelline . . 667 

Or and / 3 -Naphthol camphor , . 649 

Narceine ... 705 

Narcotine , . , 705 

Nanngin 714 

Natural conine 70S 

malic acid 526 

Nicotine 710 

acetate . 711 

anomalous dispersion 161 

constant specific rotation 168 

determination . . 503 

hydrochloride . 711 

minimum specific rotation 197 

neutral sulphate . 71 1 

rotation m different solvents iSi 

salts 711 

Nitrobenzoylcarvozimes . . 6x8 

Nitrocamphor . . 645 

derivatives . 645, 646 

qumine . , . 677 


Nitromaniiitol 51 

Nitrosocamphor 64^ 

Norisosacchanc acid 57 

Octacetyl diglucose - S8« 

maltose 60^ 

melibiose 60^ 

Oils, ethereal . 66c 

Onion oil . 665 

Opianine 705 

Opium alkaloids . 701 

Orange flower oil 665 

oil 661 

Ordinary milk sugar 599 

Oubain 714 

Oxyacanthme 670 

hydrochloride 670 

Ozyacids, multirotation 275 

Ox5’aldehydes 574 

Oxy-a-amyrin 659 

a-Oxybutync acid, resolution of 107 

/ 3 -Oxybutync acid . 518 

Oxycamphocarboxyhc acid 650 

esters 650 

a-Oxycmchonme 687 

hydrochloride 687 

jB-Oxycinchonine 687 

Oxydimorphine 704 

Oxyethylbrucine hydrochloride 706 

Oxygluconic acid 568 

Oxyketones 5S9 

Oxypropionie acids 518 

Palma rosa oil 665 

Papaverine 705 

Paracholestenn 719 

Paracomne 710 

I Paracotol . 659 

Paralactic acid 515 

Paraphytostenn 719 

Parasacchannic acid 546 

Parasantonic acid 715 

esters 715 

Parasautomde, constant specific rotation 167 
Parasorbic acid 515 

Pancine 697 

Patchoulene 659 

Patchouli camphor 65S 

rotation of solid 15 

Paytine 669 

Pea albumin ^25 

Pennyroyal oil 665 

Pentitols , gii 

Pentoxypimelic acids, a- and ) 3 - 572 

Peppermint oil 665 

Phasol . 718 

Phellandrene . 619 

nitrate 619 

Phenacetylcarvoxime. , 618 



46 

Phenolamyletlier 

510 

Propyl amyl 

505 

PhenoxacryUc acid 

49 

ether 

509 

Calic t( 

Phenyl bromacetic acid . 

. 522 

malate 

535 


a-bromlactic acid, resolution no 

or-pipendme . . 

708 

jra1tn< 

chloracetic acid , 

521 

resolution 

. list 

a.lLiLU^ 

tlaltoi 

dibrombutyric acid, resolution 109 

^'piperidine 

710 


a- and /3-dibrompropionic 

acid, 

tartrates in different solvents 

206 


resolution . 

108 

valerate 

514 

Maltc 

dichlorpropiouic acid 

524 

Propylene diamine, resolution 

1X2 

Mane 

a- and /3-dichlorpropioinc 

acid. 

glycol 

58 

Mano 

resolution 

109 

oxide 

49 


ethylamine, resolution 

. 113 

Protein bodies , 

724 

<;-Ma 

mercaptunc acid 

. 525 

Pseudo ciucliontne 

686 


Phlein 

61 1 

dihydrochloride 

687 

/-Ma 

Phlondzin 

713 

codeine , 

703 


Photosantonin 

716 

hyoscyamine 

670 

rf-M 

Phytostenn 

. 719 

luulem 

610 

Z-Mt 

Picien 

. 714 

morphine 

704 

Ma 

Picrotoxin 

717 

hydrochloride 

704 


Pilocarpidine 

708 

narceine 

705 


nitrate 

. 708 

Pulegone 

626 


Pilocarpine 

707 

bromide 

626 

Me 

hydrobromide 

708 

oxime 

626 


hydrochloride 

708 

oxime 

626 

d’-l 

nitrate 

708 

hydrochloride 

626 


sulphate 

"08 

Ptyalose 

60X 

7-1 

Pine needle oil 

663 

Pyroacomne hydrochloride 

667 

d* 

if-Pmene 

629 

Pyroaconitine 

667 

1 -, 

dibronnde 

630 

hydrobromide 

667 


hydrochloride 

630 

Pyroglutaminic acid, d- and 7- 

543 


/-Pinene 

631 

Pyrotartanc acid, resolution 

106 


hydrobromide 

632 

Quebrachine 

669 


hydrochloride 

632 

Quebrachitol 

512 

c 

Pinitol 

512 

Quebrachol 

718 


Pinol hydrates, d- and 7- 

638 

Quinamicine 

694 


Pipecoline 

708 

Qmuamidine 

694 


resolution of a- and J3- forms , 

hydrochloride 

694 



ill, 1x2 

Quinamine . 

693 


Pipecottnic acids, d- and 7- 

. 515 

hydrobromide 

693 


Pipenne 

708 

hydrochloride 

. 693 


Podocarpinic acid 

666 

hydroiodide 

693 


Polei oil 

626 

nitrate 

. 694 


Polyterpenes 

65S 

perchlorate 

694 

) 

Populin 

713 

Quimc acid . 

565 


Potassium antimonyl tartrate 

553 

salts 

565 

' 

arsenyl tartrate ► 

. 553 

{^mnieme 

678 


ethyl tartrate 

556 

oxalate 

678 


hydromalate 

531 

Quinidine . 

678 


malate 

531 

acetyl derivative 

680 


tartrates ... 

, . 548 

aad hydrochloride 

679 


Propeptones 

726 

acid sulphate 

679 

• 

Propionylquinine 

677 

neutral hydrochloride 

. . 678 


d-Propoxysuccinic acid 

539 

neutral sulphate 

679 


salts 

539 

nitrate 

679 

* 

/•Propoxysuccinic acid 

539 

oxalate 

. 680 


salts and esters 539 

used in resolution 

103 


Propyl acetylmalate 

535 

Quinine 

673 



INDEX OF ACTIVE STTBSTANCES 749 


Quimne, acetyl derivative 

- 677 

1 Saccharose, determination . . . . . 

463 

auhydnde 

. 673 

Saccharoses .... . .. 596 to 604 

determination 

498 

Salicm 

713 

disulphate 

. 675 1 

Salicylic acid camphor . . 

649 

hydrochloride 

674 

Salts of /-glycenc add 

. 523 

nitrocamphor derivative 

677 

^ and /isopropylphenyl glycolic 

oxalate 

. 676 

acid 

522 

propionyl derivative 

. 677 

lactic add . 

516 

sulphate ... 

. . 675 

malic add . . . 

531 

sulphonic acid 

. 676 

d- and Amandelic add . 

520 

used in resolution 

, , 103 

jS-ozyhutync acid 

518 

Racemic acid, resolution . 

. 104 

ozypropionicaad . 

. 518 

Raffinohiose . . , 

. . 604 

dotartaric add 

548 

Raffipose . . 

605 

/-tartanc add 

. • 563 

Resin aads 

666 

Sandalwood oil 

. S65 

Rhamnitol 

Sn 

Santinic add . 

. 716 

Rhamnoduldte 

577 

Santonic add . 

715 

Rhamnoheptonic acid . 

570 

esters 

715 

Rhamnoheptose . . 

588 

Santonide 

715 

Rhamnohexitol . . 

. 512 

constant specific rotation . 

X6S 

Khamnohezouic acid 

567 

Santonin bodies, speafic rotation 

for 

anhydnde 

567 

different colors 

716 

Rhamnohezose 

587 

dispersion coefficient 

155 

multirotation 

265 

group. 

715 

Rhamnooctonic acid 

572 

Santouious add . 

717 

Rhamnomc acid 

546 

Santonyl bromide 

715 

multirotation 

278 

chlonde 

715 

Rhamnose 

577 

iodide . 

715 

constant specific rotation 

167 

Sarcolactic acid 

5x5 

multirotation 

263 

Sassafras oil 

665 

ozime 

579 

Savin oil 

665 

multirotation 

264 

Scopolamine 

669 

phenyl hjdraaone 

579 

: Seminose 

587 

Rhodinol, d- and /- 

613 

Serum albumin 

724 

acetate 

613 

- globulin 

727 

Ribomc acid 

545 1 

1 Sesquiterpenes 

65S 

anhydnde 

545 

Shikimic acid 

543 

cadmium salt 

545 

ammonium salt 

543 

structure 

60 

bromide 

544 

Ribose, structure 

60 

1 denvatnes. 

543 

Rianelaidic acid 

519 ] 

Silver fir oil 

663 

Ricinoleic acid 

519 

Sinistnn 

61 1 

Ricinstearoleic aad 

519 

Sobrerol, density of active and racemic 

Rochelle salt 

550 

forms 

80 

Rosemary oil 

665 , 

Sodium ammonium tartrates 

552, 563 

Rubidium tartrate, rotation of solid 

16 ' 

arsenyl tartrate 

553 

Russian oil of turpentine 

629 ' 

malate and hvdromaiate 

531 

Sacchanc acid 

570 ! 

1 tartrates 

54» 

ammonium salt 

. 57a 

Soluble starch . 

607 

multirotation 

27S ' 

j Sorbm 

583 

structure 

63 

, Sorbinose 

583 

Sacchanmetry 

. 463 

! Sorbitol 

5ia 

Saccharin . . 

- 545 

1 structure . . 

63 

multirotation 

2S0 

1 Sorbose. 

583 

Sacchannic add, multirotation 


Sparteine. 

708 

Saccharonic acid and anhydride 

. 568 1 

' Spike oil . . 

666 

Saccharose . . , 596, 597, 598 ' 

Stapbisagnne 

707 



star anise oil 

Starch, soluble ^7 

sugar 582 

Storax oil 

Strychnine 7^6 

salts 706 


sulphate, rotation of solid 

17 

used in resolution 

103 

Strychiios alkaloids 

706 

Sugar 

596 

cause of multirotation 

273 

changes m rotation 

194 

directions for tests 

467 

formulas for specific rotation 

195 

ill confectionery 

487 

rotation in piesence of alkalies 

251 

temperature effect , 

598 

Sweet marjoram oil 

666 

<f-Sylvestrene 

6x8 

dihydrobromide 

61S 

dihydrochlonde 

619 

nit r olben zy lamiii e 

619 

tetrabromide 

619 

/-Sylvestreue 

619 

Synthetic conine, resolution 

112 

glucosides 

714 

Syntomn 

727 

Tahtol 

512 

structure 

63 

Talomucic acid 

62, 571 

Talonic acid 

567 

structure 

62 

Talose, structure 

62 

Taiiacetone 

6a6 

Tannic acid 

573 

Tannin 

573 

Tansy oil 

666 

Tarragon oil 

666 

Tartar emetic 

553 , 563 

action of alkali salts 

245 

rf-Tartanc acid 

546, 547 

action of molybdates and 

tungstates 

24S 

density of active and ra- 

cemic forms 

80 

effect of bone acid on 

ro- 

tation 

246 

esters 554 io 563 

meltmg-pomt 

83 

rotation dispersion 

157 

solubility 

81 

specific rotation of dilute 

solutions 

- 196 

structure 

60 

/-Tartanc acid 

562 

ammo mum salt . 

563 

calcium salt 

564 


/■Tartanc acid, potassium antinionyl salt 563 


sodium salt 563 

Tartrates, acid ammonium 548 

boryl 552 

lithium 548 

potassium . 548 

sodium 548 

thallium . 549 

ammonium 551 

— potassium . 551 

—sodium . 552 

lithium 551 

magnesium , . 55* 

potassium 549 

— ^iitimonyl . 553 

—boryl ... 552 

sodium 550 

—potassium . 550 

— boryl 552 

thallium , . 553 

— ammonium 554 

— antimoiiyl 554 

—lithium . 554 

—potassium 553 

—sodium . 554 

and malates, combinations 564 
dissociation 225 

formation of racemic bodies 91 
mfluence of alkali sails on ro- 
tation 243 

transition temperatures 91 

water of crystallization of dif- 
ferent forms 79 

Tartnmides 561, 564 

Tartromalamides 564 

Taurocholic acid 719 

sodium salt 719 

Temperature, influence on rotation of 

sugar 598 

Terebenthene 629 

Terecamphene 628 

acetate 629 

formate 629 

hydrochloride 628 

Terpaii group 614 

rf-Terpineol 622 

/-Terpineol 622 

formate 622 

Tetrahydronaphthylene diamine 51 1 

resolution 113 

Tetrahydropapa venue, resolution 1 14 

Tetrahydroqumaldine . 712 

resolution 113, 114 

Thebaine . 704 

hydrochloride 704 

Thuja oil - . 666 

Thujone 626 



INDEX OF ACTIVE SUBSTANCES 751 


Toluylcarvoximes, 0-, and p~ 

6 ih 

Valeraldoxime 

509i 514 

Toluyltartanc acid esters 

559 

of- Valeric acid 

. - 513 

Trehalose 

604 

/-Valeric acid . . . 

. 514 

Trehalum * 

607 

Valeric acid esters 

514 

Tnacetylshikiaiic aad 

543 

rotation 

ago 

Tnaniylaconitate 

508 

resolution of 

107 

Triam3 Itncarballj late 

50S ' 

' Valenon oil . . . 

566 

Tnchlorcamphor 

643 ! 

Venetian turpentine 

631 

Trnsobutyrjlshikimic aad 

544 1 

Viscose , . . 

609 

Tnoxj'glatanc 

567 ' 

Vitellm. 

727 

potassium salt 

567 

Volemitol . 

5t3 

structure 

61 1 

Wheat albumin 

725 

Tnpropxonylshikimic acid 

544 

Wood gum 

611 

Tnterpene 

659 1 

Xylan 

61Z 

Tnticin 

611 

Xyhtol 

511 

Tropic acid, d- and /- 

522 ' 

satructurc 

61 

resolution 

108 ! 

Xjdomc acid 

545 

Tropinic acid 

701 

multirotation 

280 

Turpentine 

629, 631 

strontium salt 

545 

oil 

663 

Xylosazone . 

576 

dispersion coefiiaent 

155 

Xylose . 

575 

rotation in different liquids 177 

multirotation 

260 

rotation of mixed oils 

240 

structure 

60 

Turpethimc acid 

667 ' 

Vlang-ylang oil 

666 

Tyrosm 

525 ' 

Zinc lactate . . 

516. 517 

Valeraldehjde 

509 513 1 




ERRATA 

Oa page 6o, half the structural formula for x\ lose and xylonic aad is nubsing 
On page 6S4. read ctnckontfine for cinchoaidine 



